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FOREWORD

This document is a part of the final report on a '"Study of the Influence of Size of a
Manned Lifting Body Entry Vehicle on Research Potential and Cost," conducted by
the Martin Marietta Corporation, Baltimore Division, for the National Aeronautics
and Space Administration, Langley Research Center, under Contract NAS 1-6209
dated April 1966, The final report is presented in eight parts:

I. Summary CR-66352
II. Research Program Experiments CR-66353
III. Flight Performance CR-66354
IV. Candidate Entry Vehicle Designs CR-66355
V. Systems Integration CR-66356
VI. Research Vehicle Size Selection and Program Definition CR-66357
VII. Selected Entry Vehicle Design CR-66358
VIII. Alternative Approaches CR-66359

The study was managed at Martin Marietta by:

Robert L. Lohman--Study Manager \\— 0\
Rudolph C. Haefeli--Assistant Study Manager Y{\ v

G

The principal contributors to the study were James McCown; Robert Schwab,
Ray Sorrell and James Vaeth; Mr. Louis Sheldahl also made a major contribution
to the study as Study Manager during the first quarter,
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ABSTRACT (Total Study)

This study presents data—based upon a developed logic,
task definitions, vehicle criteria, system analyses and design,
and concepts of operation and implementation—with which
the usefulness and cost of an entry flight research program
can be evaluated.

The study defines 52 specific research tasks of value in
developing operational lifting body systems, primarily for
near-earth missions. Parametric design and performance data
are evolved within a matrix of 5 vehicle sizes (with 1, 2, 4, 6
and 8 men) and 4 boosters (GLV, Titan III-2, Titan III-5
and Saturn IB) for all flight phases, from launch to landing.
The design studies include vehicle arrangements, weight,
aerodynamic heating and subsystem details. Systems inte-
gration analyses yield both design data, subsystem tradeoffs,
and development and operations plans; and they lead, in turn,
to cost effectiveness analyses which become the primary basis
for vehicle and program selection.

A 25-foot long, 3-man vehicle weighing 12,342 pounds
is selected for a research program of 9 manned (plus 2 un-
manned) flights. This vehicle performs the maximum number
of tasks and affords the highest research value per unit cost
and the lowest cost per unit of payload in orbit; the estimated
program cost is $1 billion. A detailed preliminary design of
this vehicle is accomplished, including layout drawings and
descriptions of each subsystem to identify available hardware
as well as future options. Modifications for secondary research
objectives—rendezvous and docking and supercircular entry
—are considered.

The study also includes a brief examination of 2 smaller
unmanned vehicles as alternate approaches to reduce cost.
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SUMMARY

This part presents the operations analysis done in support of NASA Contract
NAS-1-6209 entitled '"Study of the Influence of Size of a Manned Lifting Body
Entry Vehicle on Research Potential and Project Cost."

The developed value and cost assessments combined with other pertinent
considerations form the basis for selecting the entry vehicle size designated
D/3, and a research plan of 11 flights. The designation D/3 stands for a
particular entry vehicle, 25 feet (7.6 m) in length, with internal volume suf-
ficient for a crew of six but equipped for three crewmen on the research flights,

The selected D/3 vehicle and 11-flight program provides capability to
carry out 50 of the 52 candidate research tasks defined in this study. Research
task loading on the series of 11 flights results in full utilization of crew capa-
bility and provides an average of 376 pounds (170 kg) of allocated experiment
weight unused and available for possible weight growth or new experiments.
Of all the candidate designs analyzed, the D/3 vehicle exhibits the highest
research value per unit cost, the maximum number of tasks assigned, and the
lowest cost per unit of payload weight in orbit.

Two special flight loading models, developed for this study, are used to
evaluate the research potential of the candidate vehicle design and flight plan
combinations. One model is completely automated by a linear programming
technique with an auxiliary input generator.

Cost estimates of candidate vehicle and program combinations were com-
puted using the Martin Marietta Space System Cost Model which relates data
from similar historical systems to produce program cost estimates. Final
selected D/3 vehicle costs for both a 7- and an 11-flight program were com-
/puted by the Martin Marietta Coincident Cost Model to provide a detailed
program and subsystem breakout and fiscal funding requirements. The total
costs of 7- and 11-flight programs were estimated at $853 million and $1003
million, respectively.

The D/3 vehicle is also evaluated qualitatively with respect to considera-
tions of landing visibility, experiment packing density, supercircular entry
capability, rendezvous and docking adaptability, and operational adaptability.
The D/3 vehicle meets these criteria satisfactorily.
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I. INTRODUCTION

This part of the final report on a "Study of the Influence of Size of a
Manned Lifting Body Entry Vehicle on Research Potential and Cost'" discusses
the cost and effectiveness analyses performed. The objectives of these anal-
yses were as follows:

(1) Enable assessment of the influence of vehicle size and crew size
on capability for performing entry research.

(2) Provide the basis for selection of the optimum size vehicle and
crew.

(3) Provide the basis for selection of the optimum flight plan.

(4) Provide realistic, detailed cost estimates for the recommended
vehicle and research program,

The overall study approach was implemented in four basic phases encom-
passing a number of study tasks as shown in figure 1. These phases are:

Phase I--Problem Definition
Phase II--Flight Vehicle Selection
Phase III--Flight Vehicle Design
Phase IV--Program Selection

Phase I consisted of definition of (1) research tasks, (2) candidate flight
vehicle configurations, and (3) candidate flight programs. These efforts are
reported in Parts II, IV, and V, respectively.

In Phase II, a cost/effectiveness analyses coupled with selected "other
considerations'' was used to select the preferred entry vehicle and crew size.
Effectiveness was measured in terms of the ''value of research performed. "
This required the establishment of a numerical value for each research task
and the identification of flight loading constraints. A heuristic flight loading
model was then used to optimize the value of each vehicle/crew size-flight
program size combination. A computerized flight loading model was used to
check the results of the heuristic analysis. An existing cost model was modi-
fied to aid in the computation of the total program costs for each vehicle/pro-
gram combination,

Phase III consisted of defining the selected entry vehicle design in detail.
The results of this phase are reported in Part VII,

In Phase IV, Program Selection, a value sensitivity analysis was made,
which required the use of the flight loading computer program. The compu-
terized flight loading model was used to develop data required to justify the
recommended flight plan. Phase IV also included the preparation of detailed
cost estimates of the recommended research program for the selected vehicle,
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The methodology used in the vehicle selection process of Phase II consists
of three principal steps: (1) establishment of inputs and constraints,(2) devel-
ment of analytical tools,and (3) analysis of candidate systems including dis-
play of results and final selection of vehicle/crew size, These steps are
discussed in sections II, III, and IV of this part,respectively. Establishment
of usable inputs required modification of the research value to account for
probability of data acquisition and multiple assignment. Analytical tools
developed for this study include both a heuristic and a computerized flight
loading model, a special input generator program for the computerized model,
and two cost analysis models especially chosen for costing of candidate and
selected research programs. The heuristic model used the same inputs and
constraints as those later applied to the computerized loading model, but
loaded research tasks by manual ''judgment'' processes. Linear programming
techniques were used for computerized loading.

Five different entry vehicles sized for full crew complements of 1, 2, 4,
6, and 8 in combination with various flight crew numbers were analyzed for
several flight plans. Research values and costs of these candidate vehicles
were then displayed and compared. The best vehicle/crew size was identified
by the value/cost criteria and examined considering qualitative criteria and
the final selection made. The selection process and results are found in
section IV of this part.

Selection of the optimum research program using the selected vehicle was
then made and costs determined. The selection process is treated in section
V and the costing results shown in section VI of this part. A detailed descrip-
tion of development and operational plans is included in Part V.

ER 14471-6 3



IL_INPUTS

The vehicle size selection and program definition tasks depend upon data
generated in other phases of the study. Generally, these data require no ad-
justment or modification; e.g., the equipment weight and crew capability to
support research tasks. In other cases, the data must be adjusted to suit the
analytical techniques employed. It is the purpose of this section to provide
a focal point for data developed in other parts of the study, and to discuss the
refinements and assumptions that were made.

A. DEFINITION OF RESEARCH TASKS

Fifty-two research tasks (experiments) are identified in Part II. Each of
these tasks is assigned an alpha-numeric designation; e, g., SM-1 identifies
the first, although not necessarily highest valued, Structural-Mechanical
research task. For purposes of the selection analyses, the identification of
the research task and certain pertinent characteristics is required, while
the particular nature of the research is not considered.

1. Intrinsic Value

Part II described the intrinsic value (i.e., research worth) that was de-
veloped using the psychophysical techniques of Pair Comparison and the Law
of Comparative Judgment. The intrinsic values reported in Part II range
from 1 to 237, and are a minor refinement upon initial values used in the
selection analyses. The intrinsic values used in the selection analyses are
reported in table 1.

The technique used to develop intrinsic research value, VO’ required

arithmetic adjustment of the scale to result in positive worth for all tasks.
This adjustment was made to equate the lowest valued task to unity. It is
acknowledged that all tasks will yield positive results if completed but the
geometric relationship of value between the most highly regarded and least
highly regarded experiments is a matter of judgment. Because of the arbi-
trary nature of the arithmetic adjustment, it is necessary to determine the
sensitivity of the results to various alternative adjustments.

Two alternative arithmetic adjustments were evaluated in comparison with
the selected adjustment. The selected scale ranges from 1 to 245, and alter-
natives selected for evaluation are 1:10. 4 and 1:3. 4 which were produced by
increasing the least regarded experiment value by 10 percent and 40 percent
of the highest value, respectively. The potential research value of the D/3
vehicle in a five-flight program was determined with the flight loading model
for each value scale,

The task loadings for each of the analyses are presented in table 2. Two
significant conclusions are apparent: (1) Only four experiment assignments
are changed with only two of these cases changing the information value of
the experiment; (2) the research value of the total program is shifted less
than 0. 08 percent.
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RESEARCH TASK CHARACTERISTICS

TABLE 1

Research Intrinsic Crew Equipment weight
task value participation* 1b kg
SM-1 244.8 0 0 0
FM-8 223.2 0 20 9
FM-3 222.3 .4 0
FM-2 222.0 .5 0
FM-17 191.5 0 0 0
FM-4 154.1 0 0 0
GN-4 152.5 0 100 45
GN-5 150. 3 .8 100 45
FM-13 146.8 0 0 0
GN-1 146.7 .3 0 0
EV-2 146.4 0 0 0
FC-1 145.2 .2 0 0
FM-5 144.9 0 0 0
SM-6 128.8 .1 50 23
SM-2 128.1 0 0 0
SM-8 124.1 0 0
FM-17 123.1 .3 0 0
GN-6 108.3 0 75 34
FM- 14 102.1 0 0 0
GN-2 90.8 0 0 0
SM-17 86.4 0 0 0
SM-17 86.1 0 0
SM-5 85.2 0 10 5
SM-9 81.6 .3 135 62
SM-3 81.1 0 10 5
GN-3 79.6 0 50 23
FM-6 79.3 .4 250 113
FC-2 75.0 .1 0 0

*Fraction of one man's time required for task completion during critical

flight period.,
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RESEARCH TASK CHARACTERISTICS

TABLE 1. --Concluded

Research Intrinsic Crew Equipment weight
task value participation* 1b kg
FM-12 74.4 0 0 0
FC-3 71.0 .1 70 32
GN-17 65.6 0 50 23
SM-14 63.5 0 35 16
FC-4 63.5 .1 200 91
FM-15 63.1 0 15 7
PP-3 62.8 .4 150 68
HF-2 56,8 0 20 9
SM-10 55.9 0 0 0
SM-12 55,7 0 0 0
PP-2 55.0 .3 0 0
SM-13 44 .7 0 0 0
PP-1 43.4 0 0 0
SM-11 40,0 0 0 0
SM-16 34.5 0 0 0
AV-2 33.2 .2 40 18
HF-1 31.9 T 500 226
FM-16 27.4 0 40 18
SM-15 22.7 .8 80 36
FM-9 20,4 0 25 11
AV-1 14. 7 0 0 0
FM-18 12.5 .5 200 91
SM-18 5.1 0 300 136
FM-19 1.0 0 0 0
Baseline tasks -- T -- --
(must be
assigned)

*Fraction of one man's time required for task completion during critical

flight period.
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TABLE 2

SCALE SENSITIVITY ANALYSIS

loading

24

5:1

Basic value scale

Adjusted value scale
loading*
10, 4:1 and 3. 4:1

Flights

Differences

Research task 1

3

2

3

4

SM-1

FM-8

FM-2

FM-7

FM-13

EV-2

SM-6

GN-1

SM -2

SM-8

FM-14

SM-17

FM-12

SM-5

SM-17

SM-3

SM-9

FM-15

PP-3

GN-17

SM-14

HF-2

SM-10

SM-12

SM-13

PP-1 °

SM-16

AV-2

SM-11

FM-16

SM-15

AV-1

Residual weight 1030

860

545

665

765

1030

860

545

530

900

Residual crew -

LT

1'0

L7

1.2

Value

1227, 231

1226, 323

* X indicates deletion;

e indicates addition
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It is concluded that the decisions made in this study are not sensitive to
arithmetic adjustment of the value scale.

2. Resource Constraints

Each candidate research vehicle has certain capabilities such as weight
and volume available for research equipment, crew time and electrical power
available to operate this equipment,and instrumentation capacity to measure
and record significant parameters from each research task. These five
capabilities are designated vehicle resources and of course the number of
research tasks that can be carried in any one vehicle could be constrained by
the amount of these resources available. The way these resources were con-
sidered in this study is discussed below.

It became evident early in the study that a large portion of the research
measurements called for common instruments, Summing the instrumentation
for a given set of research tasks can be accomplished by a computer program,
However, the large number of flight loadings used in the tradeoff analyses
prohibited the use of this technique. As a result, it was decided to include
the instrumentation and signal conditioning weight as part of the basic entry
vehicle, and allow enough channels to handle the heaviest experiment loading.
This baseline weight was derived from the most densely loaded flight of a
series of 11 as derived from a preliminary manual analysis. The number of
channels for this case totaled 2000.

The electrical requirements for powering research equipment determine
the size of the battery for each flight. Battery size contributes to equipment
weight, and this weight allowance for each task is combined with the primary
equipment required for that task.

Vehicle volumetric constraints are related to the equipment weight by
density characteristics, Thus, the weight resource for vehicle equipment
was constrained by conservative research equipment densities.

Having adopted alternative techniques for the latter three qualities, the
resource constraints utilized in assigning research tasks to entry vehicles
are crew participation and equipment weight.

The equipment weight was estimated by listing the major components for
each task, the weights installed, and the equivalent battery weight. The
equipment description and equivalent weights are given in Part II. Weight
data are summarized for all the research tasks in table 1.

The crew participation requirements for research tasks are reported in
Part II. These constraints relate to 12 phases of the mission. The analytical
techniques would become quite unwieldy if the crew requirements in all phases
of flight are recognized as constraints. Fortunately, examination of the data
indicates one phase during the entry period is consistently critical. The period
from pullout (approximately 17.5 ksec in the mission) to 200 000 feet (approxi-
mately 60 km) was selected as presenting the most severe crew constraint.

The recommended flight program is examined later to ensure this constraint
was indeed adequate. The selected crew requirement data are summarized for
for all research tasks in table 1.

8 ER 14471-6




3. Research Value

Value of a research task when loaded on a flight plan is determined by
modifying the intrinsic value, as presented in table 1, by two modifiers:
(1) informational value and (2) expectancy of obtaining informational value.
The total value of an experiment, Vj’ is expressed as a product of intrinsic

value, informational value, and the probability of obtaining information value:

= Voz [Vi] = [%1]

S
\

<
]

0 intrinsic value

[VI] = informational value: ratio of information obtained to maximum
information obtainable

[PI] = probability of achieving V-

Informational value, VI’ was established by a technical judgment technique

which has some of the characteristics of information theory. Six categories
of informational value were selected to aid computation since the exact expres-
sion for VI involves mathematical expression of variables beyond the scope

of this study. The top category of VI is set at unity and is obtained when loading

a research task on the set of entry conditions estimated to yield maximum pos-
sible information. These maxima are expressed in the research task descrip-
tions in Part II. The bottom category was assigned a value of 0,45, a com-
promise between 0.3 and 0. 6--the range of values in which test planners ap-
pear to reject an experiment as not worth loading on a flight program. The
middle four categories were estimated by allowing the gain in value from one
category to the next higher equal to one-half the difference between unity and
that first category value. This results in an approximate exponential set of
values:

Category 1 2 3 4 5 6
VI 0. 45 0.70 0. 85 0.94 0.99 1.0

Using the above value categories, the number of flights assigned was
evenly distributed in each category. For example, a research task may give
maximum value for six flights and a minimum value for one flight of a given
entry condition, resulting in the following VI scale:

Category 1 2 3 4 5 6
VI 0. 45 0.70 0.85 0.94 0.99 1.0
No. of flights 1 2 3 4 5 6
ER 14471-6 9



In the above example, one flight would allow 45 percent of the potential value,
three flights would yield 85 percent, and five flights would yield 99 percent;
above six flights, the gain in information is negligible. Informational value,
VI’ has been derived for each of the 52 research tasks and 8 baseline tasks.
These inputs are listed in table 3 for all probable sets of flight conditions.

The probability of achieving information value, PI’ expresses the proba-

bility of acquiring research information on any given set of flights and is
expressed as

P = (PO T (1-P)”

I° s

where PS is the probability of success for a task on one flight

n = number of flights in set

n

T number of failures,

The term Ps is then the product of flight mission success (exclusive of the

research task) and the probability of acquiring usable data from a research
task on a single successful flight. The probability of success, Ps, was

derived from the reliability goals established for a mission success of ap-
proximately 0, 9 and data acquisition probabilities ranging from 0.9 to 0. 99 de-
pending on the experiment and entry environment, Values of Ps are listed in

table 3.

The total experiment value, Vj’ was then obtained by summing the VIPI

terms for all single, double, and t’riple (if significant) failure events and
modifying V0 by this sum. The following example is shown for a sequence

of entry conditions A, B, C, and C in which PS = 0.85 and VI = 0. 45 for

one B condition flight and 1.0 for one B plus one C flight. The example task
is loaded on the B and first C conditions. Conditions A and B are prerequi-
sites to C and must be successful before C condition can be programmed.

Entry condition A B P =(P)" T (1-PYY V] PV

cc 1 PV
No failures S S S S (0.85)% = 0.522 1.0 0.522
Single failures S S F S (0.85)5 (0.15) = 0.092 0.45 0.041
Single failures S S S F (0.85)° (0.15) = 0.092 1.0 0.092
Double failure S S F F (0.85)% (0.15)% = 0.016 0.45 0.007
LP V| = 0.662
V. = 0.662V,.
i 0j
10 ER 14471-6




TABLE 3
FLIGHT LOADING VALUE

Informational value, Vi, for flight condition sets Probability of success, P,
B,C
Research D,F H,J
task 1.0 0.99 0.94 0.85 0.70 0.45 A I G K,S
SM-1 BC* -- -- - Cc* B NA | 0.85| NA | Na
FM-8 B+6(C,F) B+5(C,F) | B+4(C,F) | B+3(C,F) -- B+ 2(C, F) NA | 0.85| NA | NA
FM-3 c+9(a,H c+8[a,B] | c+7[a,B] | c+6[a,B) c+4[a,B] | c+3[a,B] NA | 0.87| 0.86| 0.85
FM-2 6(C,D,F) 5(C,D,F) | 4(C,D,F) | 3(C,D,F) -- 2(C,D,F) NA |[0.87{ NA | NA
FM-7 B+6(C,F) B+5(C,F) | B+4(C,F) | B+3(C,F) -- B+2(C,F) NA |0.87| NA | NA
FM-4 4{a,B] -- 3[A,B] -- -- 2[A, B] NA | 0.85] 0.84] 0.84
GN-4 2(C,F)2G -- 1C,F)2G | 2(C,F)G -- 1(C,F)G NA |[o0.89] 0.89]| NA
GN-5 2(C,D,F)2G -- -- 1(C,D,F)2G | 2(C,D,F)G | 1(C,D,F)G NA | 0.89] 0.89| NA
FM-13 6(C,D, F) 5(C, D, F) -- 4(C,D,F) 3(C,D,F) | 2(C,D,F) NA [0.85| NA | NA
GN-1 2C4F4G* 2C3F3G* | 2C2F2G+ | 2CF2G* 2CFG* CFG* NA | 0.83| 0.86| NA
EV-2 10R 8R 4R 3R 2R 1R 0.85 | 0.89| 0.89| 0.89
FC-1 c+1[A, Bl | c+6[a,B]*| C+5[A, B]* -- C+ 4[A, B} C+3[a,H]* NA | 0.88] 0.88] 0.87
FM-5 3[a] -- -- -- -- 2[a) NA | o0.88| 0.88| 0.87
SM-6 B2C -- B2F BCF -- BC NA |0.85| NA | NA
SM-2 2C 2F CF -- c F NA |[0.8| NA | NA
SM-8 10R 8R 4R 3R 2R 1R 0.85 | 0.88 | 0.88| 0.88
FM-17 3(c, Fi2l 3(C, P)1 2(C, F)21 2(C,F)l ca 1(C,F)i NA |o0.8| NA | NA
GN-6 4[a,B, 5} -- -- 3[A,B,5] -- 2[A,B,S) NA 0.89| 0.89| 0.89
FM-14 8(C,D,F) 5(C,D,F) -- 4(C,D,F) 3(C,D,F) | 2(C,D,F) NA | 0.8 | NA | NA
GN-2 2C CF -- -- -- c NA |0.89| NA | NA
SM-17 BC +1{a] - -- BC -- B NA 0.89 | 0.89 | 0.89
SM-17 B -- -- -- -- -- NA | 0.87| NA | NA
SM-5 3[a] -- -- 2[a] -- 1[a) NA | o0.83 0.83| 0.88
SM-9 10[A, B] 8[a,B) 6(a.B] 4[a,B) 2{a, B) 1[A,H] NA | 0.8 | 0.86| 0.86
SM-3 10[a] 8[a] s[a) 4[a) 2[a) 1fa] NA | 0.87| 0.87| 0.87
GN-3 2(C, F)2G -- 1C,F)2G | 2(C,F)G -- UC,F)G NA | 0.89| 0.89| NA
FM-6 4(C,F) -- -- 3(C,F) -- 2(C,F) NA | 0.8 | NA | NA
FC-2 3[a, B] -- - 2[a,B) -- 1[a,B] NA 0.89 | 0.89| 0.89
FM-12 3[a,H,s] -- - 2[a,H,s] - 1fA, 4,8} NA 0.80] 0.80 | 0.80
FC-3 3[a, B} -- -- 2[a,H] -- 1[a, B] NA [0.89} 0.89| 0.89
GN-7 s(a, B,s] 5[a,B,s] 4[A,B,5] 3[a,B,5] .- 2[a, B, s} NA 0.88 [ 0.88 | 0.88
SM-14 B+1[a) -- -- -- -- -- NA 0.89 | 0.89 0.89
FC-4 3(C, F) .- -- 2(C, F) -- 1{C,F) NA [0.88{ NA | NA
FM-15 3[A,E,H,5] - -- -- -- 2[A,E,H,8) NA 0.87 | 0.87{ 0.87
PP-3 2[a, B} -- -- -- -- 1{a,B] NA | 0.8 | 0.86 | 0.86
HF-2 10[a, Bj* 8[a, B]* s[a, BJ* 4[a,B]* 2[A, B]* 1fa, B}* NA 0.8} 0.85| 0.86
SM-10 10[A, B] 8[a,B] 6[A, B] 4[a,B] 2[a,B] 1[a,B] NA | 0.86 | 0.86] 0.86
SM-12 3H -- 2H H -- G NA |NA 0.88 | 0.88
PP-2 2[A] -- -- -- -- 1{a] NA |0.85| 0.85] 0.85
SM-13 s[a) 5[a] -- 4[a] 3[a) 2{a) NA |0.85| 0.851 0.85
PP-1 2(all) -- -- -- -- 1(all) 0.85 | 0.85 | 0.85 | 0.85
SM-11 3(C,F) e -- 2(C,F) -- 1({C,F) NA 0.88 | NA NA
SM-16 2C CF 2F -- -- 1{C,F) NA |0.87 | NA | NA
AV-2 1{a] -- -- -- -- -- NA [0.8% | 0.89 ] 0.89
HF-1 3[a,B,s] - - 2[a,B,8] - 1[A,B,s] NA 0.89 | 0.89 | 0.89
FM-16 8(c,D,F,I) | 6(C,D,F,I) | 5(C,D,F,I)| 4C,D,F,I} 3(C,D,F,D | 2(C,D,F,D NA 0.87 | NA NA
SM-15 D - - 1[A,B, D, 1,H] -- -- NA |0.85]| 0.85 | 0.85
FM-9 232K J2K -- 2JK -- JK NA |[NA | NA | o0.82
AV-1 1[a) -- - -- -- -- NA |0.87 ] 0.87 | 0.87
FM-18 1[a] -- -- -- -- -- NA 10.83 | 0.83 | 0.83
SM-18 i[a,B] . .- -- -- -- NA 0,75 | 0.75 | 0.75
FM-19 2s -- -- -- -- S NA |NA |NA | 0.8
PP-6 B -- -- -- -- -- NA [0.89 | NA | NA
SM-19 Cc+3[A,B] -- -- -- -- c+2[A,B] NA |0.88 { 0.88 | 0.88
EV-1 B +2[A,B] - -- -- -- B+1{A, B) NA |0.87 | 0.87 | 0.87
FM-1 B - -- -- -- -- NA 0.94 | NA NA
FM-20 Anfa) -- -- -- -- -- NA 0.89 | 0.89 | 0.89
BL-4 BC - - -- -- -- NA 0.90 | NA NA
BL-10 A -- - -- -- -- 0.87 {NA | NA | Na
BL-11 Cc+1[A, B) -- - -- -- o4 NA 0.89 | 0.89 | 0.89
NOTES: *Required on 1st manned flight R = flight of refurbished entry vehicle [ ] Except entry conditions in bracket

N( )= any combination of entry condition in parentheses for N flights
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Total research value for a set of tasks loaded on an entry vehicle for a
given flight plan is T VJ over j research tasks.,

4., Flight Loading Constraints

It was found that many of the 52 research tasks were uniquely related by
their requirement for prerequisite tasks, by requirements for complementary
tasks (load with) or by the requirement to exclude certain task pairs (do not
load with), Each task was examined for such constraints; table 4 lists the
three constraining relationships for the 52 candidate tasks, These constraints
were applied as each research task was loaded and were satisfied for the
whole set of research tasks loaded on a flight plan,

B. FLIGHT PLAN SELECTION

The flight plan, in terms of entry conditions flown and the number of rep-
etitions of each selected condition, is one of the major variables in the flight
loading and research value analysis. Each research task value is dependent
upon assignment to specific entry conditions defined in Part II and summarized
in table 5. Clearly, the dependence of potential program value upon the se-
lected sequence of flight entry conditions emphasizes the importance of
selecting proper sequences for study. The sequence must include repetition
in addition to multiplicity of conditions. In many instances, a small increase
in the number of flights to which a given task is assigned will significantly
increase the research value accrued. The assembly of a set of flight entry
conditions is constrained by a set of prerequisites summarized below
Clearly, the A and B conditions, representing unmanned flights, must precede
all others. Additionally, the condition A, high velocity and altitude abort
demonstration, is constrained to precede condition B, systems demonstration
and heat shield qualification, because of the priority on crew safety and the
simpler mission profile of condition A,

Flight

condition Prerequisite conditions
A None
B A
C A, B
D A, B, C
E A, B, C,D
F A, B, C
G A, B, C, F
H A, B, C
I A, B, C
S A B, C, D

12 ER 14471-6




TABLE 4
FLIGHT LOADING CONSTRAINTS

Research | Load Do not Research Load Do not
Rank task with load with |Prerequisite Rank task with load with } Prerequisite
1 SM-1 | FM-8 33 FC-4 FC-2 (4) FC-1
2 FM-8 | FM-7 34 FM-15
3 FM-3 35 PP-3
4 FM-2 36 HF-2
5 FM-T 37 SM-10 | sm-9
6 FM-4 | FM-3 (3) FM-3 Any(2)
7 GN-4 (1) GN-2 38 SM-12 | SM-9
8 GN-5 |GN-4 |GN-1,GN-2 39 PP-2 (4) FC-1
9 FM-13 | FM-2 40 SM-13
10 GN-1 41 PP-1
1 Ev-2 | sm.s 42 SM-11 | SM-9
12 FC-1 43 SM-16
13 FM-5 (3) FM-3 44 AV-2
14 SM-6 45 HF-1 é?é’égi A,B
15 SM-2 (1) SM-1 45 FM- 16
16 SM-8 47 SM-15
17 FM-17 48 FM-9
18 GN-6 |GN-4 (1) GN-2 19 AV-1
19 FM-14 | FM-2 50 FM-18 (4) FC-1
20 GN-2 (1) GN-1 51 SM-18 (4) FC-1
21 SM-17 52 RM-19 (4) FC-1
22 SM-17 Po6
23 SM-5 SM-19
24 SM-9 (1) SM-1 Base] EV-1
25 SM-3 (1) SM-1 lin M- 1
26 GN-3 | GN-4 tasks | o o0
27 FM-6 (3) FM-3 BlL-4
28 FC-2 FC-1 (4) FC-1 BL-10
29 FM-12 BL-11
30 FC-3 FC-2 (3) FC-1
31 GN-7 (1) GN-1 Values in parentheses indicate number of
32 SM- 14 flights in which experiment is loaded.

ER 14471-6
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TABLE 5
FLIGHT CONDITION SUMMARY --FINAL GUIDANCE SCHEME
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Entry condition C, the nominal entry (manned), is designated as a pre-
requisite to all other types of manned flight conditions. Also, high heating
condition D will precede the maximum heating condition E, and medium cross-
range condition F must be demonstrated before attempting the maximum
crossrange condition G. Because of the high total heating involved in the syn-
ergetic maneuver (condition S), flight condition D is established as a prere-
quisite,

The number of flights assigned to each flight condition (repetition) within
a given flight program size (total number of flights) has been derived by
examination of the intrinsic value and informational value of research tasks
associated with each entry condition, No additional informational value is
given for more than one A and one B entry condition. Therefore, only one A
and one B condition are planned. Flight condition C is a prerequisite for all
other manned flights so at least one C condition flight is necessary. Condi-
tions F and G are required for many high value research tasks and are as-
signed to the smallest flight program. (The larger flight plans can accom-
modate flight conditions linked to lower research tasks.) Combinations of
entry conditions were selected to yield the highest ultimate research value.

Flight plans constructed for a range of 4 to 22 flights are shown in table 6
and are the basis for flight plan size tradeoffs, The 5-, 7-, 11-, and 15-
flight plans were specifically selected from this listing for research value
analysis,

TABLE 6
FLIGHT PLANNING SELECTION CHART

Entry condition
D E F G H I S

pac
[
110
g
0
>
os|
Q

a—y
w
o b e e ek b et b el et el b e e ek ek
bt b b b ek e e fed b b e ek ped b ek b e
WWWNNNNMNMNNNDNNDNDNDN = DN -
AR ER R WWWWWWWWWNIN D)
R W WWWWWWWWWNDID) = bt =t

Pt bt b ek b b et b et
CWONNNNDNDN =
LWWWDNDNDNDNDNDNDN DN = =
BN DD DN DD DN =

ER 14471-6 15




C. CANDIDATE SYSTEMS

Evaluation of HL-10 research value and cost as a function of size was pred-
icated upon five vehicle designs sized for full crew complements of 1, 2, 4,
6, and 8 men. These vehicles were designated A, B, C, D, and E, respec-
tively, and considered for both full and reduced crew complements,

Two resources were previously reported as constraints in the research

task assignment, The quantitative availability of these resources in each
candidate design is indicated in table 7.

TABLE 7
CANDIDATE DESIGN RESOURCES

Weight available for research, 1b (kg)
Vehicle designation A B C D
Crew complement | Full crew complement 1 2 4 6 8
1 170 | 645 1530 1665 1620
(77) | (292) | (694) [ (755) | (735)
2 - 135 1020 | 1325 | 1280
(61) (462) | (601) | (580)
3 - - 510 1075 | 1025
(231) | (487) | (464)
4 - - 0 811 750
(368) | (340)
5 - - - 528 482
(239) | (218)
6 - - - 0 240
(109)
7 - - - - 80
(36)
8 - - - - 0

1. Selection of Candidates

It is highly desirable to limit the candidate designs to those entry vehicles
in table 8 that will exhibit desirable qualities in the selection analyses. De-
signs can be excluded because inadequate weight and crew resources are
available., Considering that 0.7 of a man second/second is required for the
basic tasks, the crew resource for research experiments corresponds to the
crew complement reduced by this basic task requirement.
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All of the potential A and B size vehicle candidates are included in the
analysis., The one-man and full-crew complements in the C and D size ve-
hicles are eliminated due to the disproportionate resources; i.e., on the full-
crew complement no research equipment is allowed. The two-man crew com-
plement in the D size vehicle was eliminated for a similar reason., The E
size vehicle offers consistently less equipment weight capability than the D
size vehicle and, therefore, the three- and five-man crew complements were
selected as being representative. The validity of excluding the D size vehicle
with a two-man crew complement was subsequently confirmed and is discussed
later.

Each candidate design is denoted by a letter and number indicating the ve-

hicle size and crew complement, respectively. Thus, a B/1 designation cor-
responds to a B size vehicle (full complement of two men) and a crew of one.
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ITII. TECHNIQUES UTILIZED

The research potential of candidate vehicle design and flight plan combina-
tions was evaluated, early in the study, by a manual, analytical technique
(heuristic)--later, by a combination of two computer programs. An auxiliary
input generator program was used to identify alternative assignments for each
task and provide inputs to a flight loading model with linear programming.
The heuristic and computer techniques used identical input information: re-
search tasks and intrinsic value, selected flight plans, and candidate entry
vehicle/crew combinations,

Cost estimates for vehicle design and flight plan combinations were ob-
tained using the existing Martin Marietta Space Systems Cost Model (SSCOM).
When the D/3 vehicle had been selected, the Martin Marietta Coincident Cost
Model (COCOM) was used to provide more detailed cost breakdowns.

A. HEURISTIC ANALYSIS

A manual technique of loading research tasks on given flight plans to yield
maximum research value was initially developed to provide checkpoints for
later automated computation and to gain advance knowledge on tradeoff trends.
The research value produced by various combinations of entry vehicle sizes,
crew sizes, and flight plans was obtained by this analytical technique. This
analysis is termed heuristic since judgment is exercised in fitting tasks within
fixed vehicle resources (weight and crew) for highest output.

1. Entry Vehicle Resources Available
Available crew and weight for research are the resources used in the
heuristic analysis. These resources, discussed previously, were asgigned
to 10 vehicle size/crew size combinations, Crew available for research was

reduced by 0. 7 to account for basic mission tasks exclusive of research, The
resulting weights and crew sizes available for research are given in Table 8,

TABLE 8

RESOURCES AVAILABLE FOR RESEARCH

Resources available for research
Vehicle Weight,
size Crew 1b kg Crew

A 1 170 17 0.3
B 1 645 293 0.3

2 135 61 1.3

c 2 1020 462 1.0
3 510 231 2.3

3 1075 487 2.3

D 4 811 368 3.3

5 528 240 4,3

E 3 1025 464 2.3

5 482 219 4.3
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2. Analytical Procedure Used

The step-by-step procedure for the heuristic flight loading analysis, illus-
trated in figure 2, assigned research tasks to specified entry conditions of the
flight plan of interest and then loaded these tasks on the vehicle by descending
value until weight and/or crew resources were filled. The value, V, (value

of £th experiment), of the loaded experiments was then summed for each of
the 10 vehicle size/crew size candidates to produce the desired set of total
research values.

STEP 1 STEP 2 STEP 3 STEP 4
SELECT FLIGHT LIST CANDIDATE LIST WEIGHT LOAD RESEARCH
PLAN AND —> RESEARCH TASKS —>] AND CREW — TASKS ON FLIGHT
SEQUENCE OF IN DESCENDING AVAILABLE IN PLAN FOR MAXIMUM
ENTRY CONDITIONS ORDER OF VALUE CANDIDATE ENTRY VALUE POTENTIAL
VEHICLES TEST CONSTRAINTS

T

STEP 5 STEP 6 STEP 7
(EOMPU;E: LOAD RESEARCH COMPUTE V,
cfv P TASKS BY DESCENDING
FOR rI-:;A’CH 1['A£:Pl( VALUE UNTIL TOTAL \S/grUlEJPFOR
(EXPECTED INFORMA- RES?‘{EEES ARE EACH ENTRY VEHICLE
TIONAL VALUE) CANDIDATE

|

RESEARCH VALUE VERSUS
ADJUST FLIGHT VEHICLE AND CREW S1ZE

ASS|GNMENT OF
TASKS TO MAXIMIZE FOR GIVEN FLIGHT PLAN

RESOURCE
UTILIZATION

FIGURE 2. PROCEDURE FOR HEURISTIC FLIGHT LOADING ANALYSES

A description of each step of the procedure is related below using a 15-
flight program as an example:

Step 1: Select flight plan and sequence of entry conditions.- The sequence
of entry conditions for the flight plan was entered as columns of a matrix for-
mat as shown in table 9.

Step 2: List candidate research tasks in descending order of value.- Re-
search tasks were listed as rows of the matrix in table 9 in descending order
of intrinsic value. This value ranking permitted systematic loading of the re-
search tasks,
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Step 3: List weight and crew available in candidate entry vehicles. Re-
search equipment weight and crew size available on each of 10 selected ve-
hicle size/crew size combinations were set up as columns in the right-hand
side of the matrix (table 9),

Step 4: Load research tasks on flight plan. - This step required the most
extensive judgment of any step in the heuristic analysis. Utilizing the infor-
mation value versus entry condition chart (table 3) as a guide, research tasks
were assigned to appropriate entry conditions. The loading constraints of
table 4 were checked as each task was loaded to assure that no constraint was
violated. This turns out to be an iterative process for the more complex con-
straints. Each task loaded in the matrix was entered as (weight/crew) re-
quired, As an example, Task FM-T7 attains an information value of 0. 99 on
one B and five total C and F entry conditions, Since this task is not con-
strained by loading it was assigned to flights 2, 3, 4, 6, 7 and 8 or 1-B, 2-C
and 3-F conditions. Task FM-8 is constrained to be conjunctive with Task
FM-17, so it was loaded on the same flights of that task. This technique was
followed until all tasks were assigned. Where multiple choices were avail-
able, the tasks were assigned such that accumulated research weight and crew
utilization were more evenly distributed among the flights.

Step 5: Compute ¢ [VI] [PI] for each task. - Truth tables showing all pos-

sible combinations of zero, single, double and triple failures were set up for
_ ph T 4 _

The appropriate VI term was selected from table 3 and the }::PIVI term com-

each task and the term PI was computed by the expression P

puted, The P, V. and V, ZP, V. terms were then entered in the last two
I!l I2 0" I, Iy

columns of table 9. The sample computation for Task FM-8 is shown in

table 10,

Step 6: Load research tasks by descending value. - The objective of this
step 1s to select a set of research tasks which fits within the weight and crew
resource constraints and which yields maximum value VI' This was accom-

plished by taking the tasks as loaded by step 5 and, by descending value, re-
loading them into the weight and crew resources available for each entry ve-
hicle/crew size combination. The first operation was to load all candidate
tasks listed in the loading matrix of table 9 which have zero weight and crew
requirements. Next, tasks requiring crew and/or weight were loaded. In
general, tasks of high value and low resources required were loaded first,
and tasks of low value and high resource requirements were loaded last.

A final tradeoff was made between flight assignment and resources used in
order to obtain better utilization of weight and crew and possibly increase
value by permitting the inclusion of one additional experiment.

Step 7: Compute Vz and sum up total value for each entry vehicle, - This

step obtained the total research value potential of the 10 candidate vehicle/
crew sizes, The V., L P, V. values for the task checked in the resource

01 I,Q I2
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TABLE 9
HEURISTIC ANALYSIS MATRIX FOR 15-FLIGHT PLAN
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loading matrix (right-hand side of table 9) were summed for each vehicle/
crew size combination and entered at the bottom of the resource loading
matrix,

Total resources utilized for the research tasks loaded on the 15-flight
plan are shown in table 11,

B. INPUT GENERATOR PROGRAM

Mechanization of the flight loading model discussed later maximizes the
potential research value by assignment of alternative tasks. In order to
achieve a true maximum, all alternative assignments must be identified for
each task. Manual identification of all alternatives would be a formidable
undertaking; e.g., an 11-flight program input to the computerized flight load-
ing model consists of 5655 identified alternative assignments. To ensure
identification of each alternative assignment, eliminate errors, and reduce
the evaluation time, an auxiliary computer program was prepared to gener-
ate input data for the flight loading model.

1. Generator Program Inputs

This input generator program utilizes two categories of information: one
involves data contained in the source program, the second comprises data en-
tered at time of execution. These data inputs, which are defined in detail in
section II, are summarized below:

Source program data Execution data

® Research task ® Research task
intrinsic value information value

® Research task concurrence ® Research task success
constraints probability

® Research task prerequisite ® Research task source
constraints definition

® Research task exclusion ® Flight program
constraints definition

¢ Entry vehicle resource
definition

2. Generator Program Outputs
The output of this generator program is a binary coded decimal (BCD) tape,
which is used directly as the input to the CEIR LP90/94 code of the flight load-

ing model. The tape, written in FORTRAN card image format, has three spe-
cific parts: row identification, matrix elements and right-hand side as follows:
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Row identification

® Nature of constraints

Matrix elements

e Alternative assignments
e [.oading constraints
® Resource requirements

Right-hand side

e Entry vehicle capability

3. General Description

The input generator program has been written principally in FORTRAN IV
language with about five percent of instructions in Machine Assembly Program
(MAP) language. The logic employed to develop the input data of 52 entry re-
search tasks into alternative task assignment and associated characteristics
is depicted in figure 3.

Objective value. - The objective value of each identified alternative is the
potential research value accumulated by assigning that alternative in the flight
loading model solution. The objective value (total research task value V) is

derived in accordance with actual flight test considerations. The functions
relating to determination of the total value (OBJ) of an experiment are shaded
in figure 3,

Truth table. - Each input flight program definition includes a flight pattern
or sequential definition of the entry conditions to be flown. From the given
flight pattern, a truth table and information table are developed. The truth
table is a table of all failure/success patterns to be considered. An informa-
tion table is developed from the truth table by assigning failure to all flights
where prerequisite conditions (table 6) are not satisfied.

Probabilistic table. -~ A probabilistic table is developed from the truth table
and experiment probability of achieving value. This table indicates the proba-
bility of each failure pattern in the truth table occurring in recognition of the
success probability of the experiment on one flight (PS) and the failure proba-

bility (1 - PS). The products of each row become the column vector [PI]’
probability of acquiring research information,
Matched pattern. - The matched pattern is one of many assignment patterns

for an experiment on a sequence of flights of different entry conditions. Each
pattern has a corresponding informational value, VI'
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FIGURE 3. INPUT GENERATOR LOGIC

Informational table. - The informational table as obtained from match pat-
terns is compared to generate a column vector[VI] corresponding to the truth

table failure/success patterns. Each row in the column vector is the informa-
tional value (VI) acquired when the assigned task is subject to the related fail-

ure/success pattern.
Constraints, - The other matrix elements developed by the input generator
are directly related to the input data for each alternative assignment. These

elements constitute the coefficients in the flight loading model equation dis-
cussed in the next subsection,
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4., Features

The generator program is available for a very specific application, but
considerable versatility does exist with the application. These capabilities
are summarized below:

e 6 Alternative assignment designations
o 52 Research tasks
e 9 Different entry conditions

e 25 Total flights

5. Subroutines

The generator program has been compiled and executed on the IBM Model
7094 computer and designated MB-022, Six subroutines have been written to
complement the mainline program. Three of these relate to tape allocation
and assignment of tabular data. The remaining three are related to the as-
signment of tasks to flights:

(1) Number of alternatives within the available entry conditions and
the required entry conditions.

(2) Binary pattern analysis and determination of number of positions
in a given state.

(3) Binary pattern analysis and determination of the specific positions
in a given state.

C. FLIGHT LOADING MODEL

The flight loading model is a technique for determining the optimum poten-
tial research capability of any candidate lifting body design in a specified
series of entry condition flights. The model is in standard linear programming
format., There is an objective function, Z, in linear form, to be maximized
subject to a set of "m" linear constraints written as equalities or inequalities.

The sense of the inequality is, of course, determined by the nature of the con-
straint,

This model was developed to establish the potential research effectiveness,
or worth, of each candidate design in each specific flight program. In this
way, data can be developed that shows: (1) the influence of vehicle and crew
size on the capability to perform research, and (2) the size vehicle and the
type flight plan that provide the means for performing the most research.
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The model was implemented with the CEIR Corporation (Alexandria, Va.)
Linear Programming Code LP90/94.

1. Formulation

The flight loading model formulation required selection of a meaningful
objective function and identification of reasonable real life constraints. Three
objectives were considered: (1) maximize the resource utilization, (2) max-
imize the number of research tasks assigned, and (3) maximize the value of
research accomplished. Maximizing the resource utilization was rejected
because it would minimize growth potential which was an attribute for the se-
lected design. Further, maximizing resource utilization would not necessarily
result in the selection of high valued tasks over lesser valued ones in the load-
ing analysis, Maximizing the number of research tasks loaded could possibly
result in the situation where large numbers of very low valued tasks are as-
signed in lieu of all high value research.

The third objective above was selected because data of the form ''value of
research accomplished' was of the most use in size and program selection
studies. In addition, this objective would tend to accomplish the objectives of
the other two functions considered since additional research tasks are assigned
until the resource remaining is inadequate for further task assignment.

The linear programming format maximizes the objective function subject
to established constraints. Six types of constraints were recognized. The
first type of constraint, unique assignment, was required to ensure that arti-
ficial value was not accumulated by assigning a task twice to any given flight.
The second and third types of constraint ensured that the crew and weight re-
sources required by assigned experiments did not exceed the system capa-
bility. The fourth, fifth and sixth types of constraint concerned the compati-
bility of each unique pair of experiments. These constraints ensure proper
assignment of prerequisite, complementary and contradictory tasks.

2. Equations

The model is composed of several equations, and the linear program is
a technique for simultaneous solution of these equations. The equations re-
quired to implement formulation of the flight loading model are identified
in the following discussion.

An objective function, Z, is maximized, subject to a set of constraints:

Z=5EV %,
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where Vil is a number which represents the research value of task i in its £th
assignment, and X, designates the Lth assignment of task i and has a value of
either zero (if not assigned) or one (if assigned).

The summation of values over all tasks and assignments yields the total
program value Z, This total value is then maximized.

The resource constraint equations

2[: %rijlw Xit < ij
)l: zi:rljlc Xiy < RJC
where
rij!w = weight of task i in its fth assignment on flight j
ijtc = crew required by task i in its fth assignment on flight j
iw = total weight available for tasks on flight j
ch = total crew available for tasks on flight j

require that all tasks assigned to each flight use no more than the weight and
crew resources (ij and ch) available for that flight,

The single assignment constraint equation
<!
permits only one assignment of each task.
The "must" group constraint equations

iy "Xy 20

X
Xigk " ¥ 2 0
where X0k - XjpOn flight k ensure the simultaneous assignment of two tasks,
i and i', when required by the task definitions.
The "must not'" group constraint equations

+x.,<1

xi'l it~

Xt X<l
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prevent simultaneous assignment of two incompatible tasks, i and i',
The prior requirement constraint equations

>0

Xirg %4y 2

Xk~ Xk 2 0
ensure that tasks are accomplished in sequence when required to do so by the

task definitions. The prior requirement equations have the same form as the
"must' group equations.

The objective function, once selected, is written as a linear equation re-
lating each unique assignment with the proper value coefficient. The variable

X ) represents the "ith" unique assignment of research task . The V, p term

is the potential research value of this unique assignment; e. g., if three ex-
periments are considered and four unique assignments are defined for each,
the objective equation would be:

Z= X Vg ¥ X199 ¥ X3V T X34V 14 T X1 Va1 t XpoVa

tXggVog t XggVoy + X3y Vg + X3gVgg + X33Vag + Xg,4Vay

Further, if the solution were X11 =1, X23 =1, and X32 = 1 and all other X's
were 0, the objective function would equal V11 + V23 + V32.

The resource constraints relate the assigned task weight and crew resource
on each flight to the system capability. The term rij w represents the re-

quirement for specified weight to implement the "ith" assignment of task £ on
flight j. The Cizjw term is likewise for crew resource requirement. There

is one weight and one crew equation for each flight in the program being eval-
uated. The objective function was maximized while the total resource con-
straints assigned are limited to the entry vehicle capability.

The single assignment constraint equations limit the solution to one unique
"i" assignment for each experiment, This is accomplished by writing one
equation for each task. If a given task has three alternatives, the equation
would be X11 + X,o, + X,, <1 and thus only one alternative assignment is

12 13
allowed,

The must group equation ensures assignment of X gk if X 1k is assigned,

Here {' designates a task that must be assigned when the task designated !

is assigned, The subscript k relates two specific tasks on a specific flight.

The must not equation contains the same variables and prevents assignment
of two incompatible experiments to the same flight. The prior requirement
is of the same form as the must group except the task relationships are con-
cerned with assignment of prerequisite tasks, e.g., the first task (£= 1) is
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required to be done with the fourth task (£' = 4), Two alternates are defined
for the first task: assignment on flight 5 (k = 5) or assignment on flight 6

(k = 6), One assignment on flights 5 and 7 is defined for the fourth task.
Three equations would be written:

- >

Xya5 = Xy15 =0
~ >

X916 =0

X147 20

It can be seen that X14k is a valid assignment under any circumstances.

Assignment X is never valid, and assignment X is valid if X is
assigned. 12k 11k 14k

D. SPACE SYSTEM COST MODEL

The Space System Cost Model (SSCOM) was used to estimate program costs
for selection of vehicle and program size. SSCOM was developed under Martin
Marietta sponsorship to estimate program costs for conceptual space system
designs. The model consists of 60 estimating relationships derived from his-
torical cost data on similar space programs,

The SSCOM cost estimates are developed in a ''top down'' approach. In this
technique, significant overall characteristics of a program are used to es-
tablish a relationship to similar historical programs. The historical data are
mainly in terms of gross program funding and a summary program descrip-
tion; detailed cost estimates are derived deductively. Cost estimating errors
due to lack of detailed definition are considered less likely to occur with this
technique. However, program cost estimates produced by SSCOM tend to be
significantly higher than those estimated at the beginning of a new program
by conventional pricing techniques.

SSCOM is particularly well suited to the evaluation of vehicles that have

similar functions but vary in size and subsystem complexity.
1. Cost Estimating Relationships

The 60 estimating relationships have been developed using system weight
characteristics as the principal cost dependent parameters, The index data
were derived from the three United States manned space programs--Apollo,
Gemini and Mercury, on which cost data exist in sufficient depth.

The basic cost estimating relationships employed in SSCOM are of the

traditional form:

() ava™
C-= (cl) (W) W (1 + a)
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where
C = system unit cost of system being evaluated
c; = reference system unit cost as a function of some characteristic
of the system
W = system characteristic upon which cost estimate is based
Wi = reference system cost dependent characteristics
B = exponent for scaling cost dependent characteristic
a = average annual increase in aerospace hardware cost index
y = calendar data of a significant milestone on system being e‘valuated
y; = calendar date of similar milestone on index system.

Additional terms are added to account for prior production, learning curves
and quantities to be produced,

Significant differences were found to exist between the cost relationships
of structural and avionic subsystems. As a result, the structural and avionic
costs are estimated in separate relationships and collected for reporting pur-
poses.

All low-value, expendable and ballast weights are excluded from the sub-
systems. The remaining weight is adjusted to recognize the significant dif-
ferences in complexity between systems. This adjustment allows the systems
cost to be estimated with common relationships in the model.

2, Inputs

The SSCOM estimates are developed from detail system weight statements,
the launch vehicle payload capability, 11 characteristics of the flight verifica-
tion program and 10 items relating to the operational activities. Adjustment
of the systems weights is accomplished manually and produces seven summary
weight characteristics. The 28 items comprising the computer program input
are tabulated in table 12,

3. Outputs

The element grouping used in reporting SSCOM cost estimates is in agree-
ment with the NASA cost reporting structure. Costs are identified as either
nonrecurring or recurring, Nonrecurring costs are grouped in three cate-
gories: basic analysis, design and development; flight test hardware; flight
test operations. Recurring costs are collected in four categories: prime
mission hardware; activation; operations and maintenance; replacement pro-
curement.
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TABLE 12
SPACE SYSTEM COST MODEL INPUTS

System description:

Launch vehicle payload capability

Entry vehicle adjusted subsystem weight

Entry vehicle adjusted structural weight

Adapter adjusted subsystem weight

Adapter adjusted structure weight

Flight vehicle orbital weight

Flight vehicle effective launch weight
Flight test program description:

Entry vehicle quantity

Adapter quantity

Aero drop program rocket quantity
Launch vehicle quantity

Launch vehicle previous production quantity
Launch program duration

Number of launches

Program go-ahead date

Aero drop program vehicle quantity
Aero drop program flight quantity
Aero drop program duration

Operational program description:

Initial entry vehicle procurement quantity
Initial adapter procurement quantity

Initial launch vehicle procurement quantity
Launch vehicle previous production quantity
Operational launch program duration

Number of entry vehicle refurbishments
Subsequent entry vehicle procurement quantity
Subsequent adapter procurement quantity
Subsequent launch vehicle procurement quantity

Launch vehicle previous production quantity
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In addition, the model reports the first article, last article, and cumula-
tive average unit costs of the orbital vehicle modules for the prime mission
hardware., The orbital vehicle can consist of an entry vehicle, adapter, cargo
module and velocity module. During the size selection, only entry vehicle
and adapter estimating relationships were utilized,

Figure 4 is a cost-o-gram depicting the SSCOM cost estimate for a D/3
size vehicle in an 11-flight research program.

CODE

SUBSYSTEM - SS

ENTRY VEHICLE - EV

6 ADAPTER - AD

1400 X 107 LAUNCH VEHICLE - Lv
SUPPORT - SPT

RANGE - RNG
13001 AERO DROP PROGRAM - AERO

FLIGHT VEHICLE

REFURB { SHMENT
1200+

TOTAL
110

100Q¢-

900
NONRECURRING

800

7001
600} BASIS ANALYSIS
—I-DESIGN DEVELOPMENT

500

COST, DOLLARS

400 RECURRING

TEST HARDWARE]
\ MISSION HARDWARE

PROCUREMENT

TEST
PERAT IONS OPERAT 1ONS

a >0 >t= 8 Q
[ -4
< w< g =z 5

FIGURE 4. SSCOM COST-O-GRAM

E. COINCIDENT COST MODEL

The Coincident Cost Model (COCOM) was used to estimate costs for the
recommended flight research program using the selected D/3 vehicle. The
change from SSCOM estimating, employed in selection of entry vehicle and
crew size and recommendation of flight research programs, was necessary
to produce detailed program costs. Introduction of a second cost model was
found to be compatible with attributes of the evaluations and models:

(1) The selection study input data were consistent with SSCOM tech-
niques.

36 ER 14471-6




(2) The recommended program data were consistent with COCOM
techniques,

(3) Several conceptual programs have been evaluated using both
models, and the estimates were consistent,

(4) The input data preparation time required for COCOM techniques
would have been prohibitive in the selection studies.

The COCOM cost estimates were built up by identifying all contributors
to total program cost and establishing cost relationships for each contributor
for inclusion in the model, Although this approach differs from the SSCOM
technique, the cost relationships for both models are derived from historical
programs,

The principal difference, then, is that COCOM estimates include more
considerations and produce a significantly more detailed estimate. Specifically,
each identifiable subsystem is treated as an independent cost contributor in
the COCOM.

1. Cost Estimating Relationships

Although the COCOM estimating relationships (table 13) pertain to vehicle
subsystems, whereas those for SSCOM pertain to vehicle programs, both
models consist of terms which account for the same cost-dependent charac-
teristics: cost coefficients, historical indices, aerospace hardware cost index,
prior production, learning curves, production quantities.

Ground test equipment and nonrecurring facility costs are estimated for
a basic launch rate of four vehicles per year. Subsequently, recurring cost
estimates include additional funds for these facilities whenever the basic
rate is exceeded. These additional funds then provide the increased capa-
bility at no further capital cost for the duration of the program.

Of particular interest is the cost of recycling the entry research vehicles
since very little historical data on reuse of spacecraft exists. At the onset
of the study, it was planned to estimate recycle costs by detailed pricing
methods. This approach required detailed definition of refurbishment oper-
ations, maintenance functions, recycle schedules, manpower estimates, re-
furbishment hardware and special tools. Midway in the study, it became
apparent that the use of the two different costing methods could be mislead-
ing, particularly when the refurbishment-to-new unit cost ratio is considered.
A 2:1 cost model-to-pricing ratio would result in a 50 percent lower ratio of
refurbishment-to-new unit cost if pricing techniques were applied to refurbish-
ment and recycling. It was decided at this point to retain the COCOM costing
method for refurbishment. COCOM determines cost of refurbishment by ap-
plying refurbishment-to-new unit ratios of each subsystem to the subsystem
new unit cost. The critical parameter in this analysis is, then, the evalua-

ER 14471-6 37



xapuJ 9911d 20edsoJaay J0j jutod swiL], mm.H.H

wolsfsqns paoudaajad jo (jutodprur) Jeox mwm%

(yuswrdo[aAsp J03 1Bk jurodprur) 20UdIINDID0 JO JEIX mﬁ%

juouodxa 2aanO Furtuaea] QN@A

poonpoad suIa)T 90USIPIDI JO JIQUINN mm.HZ

Jotad

Jotad paonpoad gaquunp N

paJrnbaa swall 959y} Jo I3quInN Umpz

jusuodx o diysuolje[ad jJysTom &83

wosfsqns paouagajad jo JYSTom mm.HB

paotad Sutaq waysksans Jo 1USTOM mmB

wioysAsgns (LIeaqif) padusIdlad Jo 30D mmU

arqeorrdde 1500 wrdlsdsqns JO UOTIIOL Popm

(S9To1aVY 189, 1B - -danonays ° "8 -9) w93l 180D EmﬁU
mm.H,H _ mwpw .Hw.HZ mo.HZ mm,HB as v 194 v wort,,

FER dta Totxd |- Jotad baa §S 2 d) =
L- &/ |dxe \ =~ N dxe N+ NJ|dxe M
T T M

Xopu] 2°TJad Li1juenb paambaJg uostaeduiod SjUIIDIIIL00 wall
aoedsoaay a0y juawysnlpy yIam 180D 150D

NOILLVN®A DNIDI¥d TVOIdAL
€1 ATdVL

ER 14471-6

38

I—




tion of ratio of refurbishment-to-new unit cost. This ratio was estimated by
the following comparisons:

(1) Number of components refurbished versus number of components
per subsystem.

(2) Weight of items refurbished or replaced versus weight of subsys-
tem.

(3) Man-hours to evaluate subsystem after recovery of entry vehicle
versus estimated man-hours to perform factory inspection and
functional checks of new subsystem,

(4) Schedule span time to perform a subsystem refurbishment versus
time to fabricate and install new subsystem.

(5) Schedule span time to conduct subsystem functional checks after
refurbishment versus time to perform checks on new subsystem.

In addition to the above comparisons, the following criteria were estab-
lished in estimating heat shield and recovery subsystem refurbishment cost
ratios:

(1) The cost of heat shield refurbishment is equal to the installed cost
of a new heat shield plus the cost of removing the expended one.

(2) The recovery system is refurbished by completely replacing the
main canopy units and the emergency chutes.

Further confidence in subsystem refurbishment cost ratios was obtained
by examination of X-15 subsystem refurbishment and maintenance costs rela-
tive to the new subsystem costs and comparing these values with the ratios
estimated for this cost analysis where similarity of subsystems existed. The
X-15 and HL-10 entry research vehicle refurbishment cost ratios are com-
pared below:

Subsystem X-15 HL-10
Reaction control 0. 015 0. 100
Electrical power 0. 034 0. 100
Instrumentation 0.014 0. 015
Navigation and guidance 0. 054 0.010
Structure 0. 060 0.10

The X-15 data were derived from a refurbishment study* by extracting
pure refurbishment costs. Reaction control figures are higher for the HL-10

*"Survey of Operation and Cost Experience of the X-15 Airplane as a Reusable
Space Vehicle," J, E, Love and W, R. Young, NASA TN D-3732.
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because of the much more severe heating on the thrustor units. The electri-
cal power ratio is higher because of larger number of batteries in the HL-10,
The guidance ratios are lower for the HL-10 which carries a large percentage
of solid state units like computers which require no refurbishment, while the
IMU (requiring periodic removal and calibration) is the major component in
the X-15 guidance system. The structural refurbishment cost ratio of the
HL-10 is 67 percent higher because of the additional hatches, seals, pressure
shell complexities and its heat shield attachment fittings.

3. Inputs

In the COCOM analysis, 20 subsystems were identified, and weight was
used as the cost dependent parameter. The design and schedule inputs in-
cluded:

61 Hardware entries
146 Development schedule entries
133 Operational schedule entries

Nearly 700 significant historical program characteristics are required for
estimates used in this study. These characteristics are changeable from one
cost estimating task to another depending on the peculiarities of the system
being evaluated. For example, a different class of subsystems (liquid pro-
pulsion versus solid propulsion) or a different stable of launch vehicles would
necessitate a change in the historical program characteristics. Thus, a unique
set of characteristics related to the particular HL-10 system design being es-
timated was used.

4, Outputs

COCOM output data are reported in two categories: nonrecurring (develop-
ment) and recurring (operational)., Nonrecurring costs include all charges ex-
cept those incurred for research flights, including recovery expense.

Nonrecurring costs are provided to a detail level of 218 items, then re-
capped for fiscal funding. Recurring costs number 100 items per year, plus
a summary at the end of the operational span. In addition, a cumulative total
cost is reported for nonrecurring items and for the end of each operational
year.
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IVv. VEHICLE SIZE SELECTION ANALYSIS

One of the major tasks performed in this study was the selection of one
vehicle size for further in-depth design and study. The principal goal was
to identify the vehicle size and crew complement that minimizes total pro-
gram cost and maximizes the potential research value, In this evaluation,
no maximum acceptable funding level was established; however, consideration
was given to achieving a high research ''value' per dollar of program cost.
Likewise, the minimum acceptable potential research accomplishment was
not a constraint in the analysis, but the selection rationale included the
desirability of assigning each research task on at least one flight.

The specific measures of effectiveness established were as follows:
(1) Value of research accomplished
(2) Number of research tasks assigned

(3) Resource utilization--a small or negligible crew resource margin
and a large weight resource margin being considered desirabtle,

In addition to these specific measures of effectiveness, orbital payload
capability and several other factors were also considered.

The methodology used to obtain numerical values for the selected measures
of effectiveness and cost estimates for the various crew and vehicle com-
binations was discussed in section II. It should be pointed out that these data,
while principally used in selection of the vehicle, also can be used to assess
the influence of vehicle size on research potential and project cost--another
study objective.

A, CANDIDATE SYSTEMS

The five HL-10 designs considered as candidates in this analysis were
vehicles sized for 1, 2, 4, 6, and 8 men. However, each of tnese vehicles
was considered with either full crew complements or reduced complements
or both, The specific designs selected are identified in table 14. Each de-
sign is denotad by a letter and a number indicating the vehicle size and crew
size, respectively. The selection of these particular vehicle and crew com-
binations for detailed study was discussed in section IIC.
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TABLE 14

CANDIDATE DESIGNS

Vehicle length
20,0 ft 21,251t | 23,4 ft 25,0 ft 26,4 ft
Crew complement | (6.10 m) | (6,48 m) |(7.13 m) [(7.62 m) {(8.05 m)
1-man crew A1 B/1
2-man crew B/2 Cc/2
3-man crew C/3 D/3 E/3
4~-man crew D/4
5~man crew D/5 E/5

The amount of crew and weight resources available for research in each
of the candidate vehicles is summarized in table 15, It will be noted that
the full amount of crew time available in each vehicle is not all available for
performing research tasks. Some crew time is required to perform basic
flying tasks independent of the research being performed. An allowance of
0.7 man second/second is made for these basic tasks, where the term man
second/second is the unit of measure to show the fraction of one man's time,
in seconds, expended on a given task in any second of mission time,

TABLE 15
CANDIDATE DESIGN RESOURCES

Designation A/1| B/1 |B/2|C/2|C/3|D/3|D/4|D/5|E/3 |E/5
Weight Tb 170 | 645 {135 11020 510 {1075 811 | 525 | 1028 | 482
(kg) (77)1(297) | (61) | (463){(231)[(488)[(368) [(239) | (466)|(219)

Crew mansee 0.3 0.3 |1.3 |1.3 |2.3 (2.3 |3.3 | 4.3 |2.3 [4.3

B. ANALYSIS RESULTS

As discussed previously, numerical values were developed for the three
measures of effectiveness selected, and cost estimates were produced for
each of the candidate vehicles. In addition to the candidate vehicle and
crew combinations, various size flight plans were also considered, comprising
5, 7, 11, and 15 flights. Thus, a matrix of 40 programs was analyzed.
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1. Value of Research Accomplished
The first measure of effectiveness selected is the ''value of research
accomplished" which is referred to as the program research potential. Data
for the program research potential for each combination design and flight
plan system were developed with the flight loading model. Potential value
accrues from research experiment assignment on a defined program without
exceeding the crew and weight resources available. The 40 programs
evaluated ranged in value from 1095 to 2992,

These research potentials for each of the vehicles and flight plan combi-
nations are presented graphically in figure 5, It is desirable to select the
vehicle which performs the "most' research measured in terms of the value
of research accomplished. When using figure 5 in the selection process, it
should be observed that the ordinate is truncated and the vehicles are indi-
cated on the abscissa in order of increasing length, crew size and cost, but
not proportional to the cost.

Increasing the number of crewmen on board the B and C size vehicles
produces a favorable increase in the research potential value. Conversely,
for the D and E size vehicles, increasing the number of men in the crew
above three-man complement decreases the potential value of research that
can be accomplished. This relationship of decreasing crew producing in-
creased value requires investigation of the validity of omitting the D/2 vehicle
from the candidate list. A cursory heuristic analysis indicates the D/2
vehicle has potential research value equivalent to the C/2 system and cost
equivalent to the D/3 system. The omission of this design from consideration
is valid.

Although a minimum one-man vehicle was not included in this study, the
relative potential value can be assessed by considering its similarity with
the A/1 design,

2. Number of Research Tasks Assigned

A further criterion which influenced the selection of a vehicle for in-depth
design was the number of research tasks assigned to the flight programs.
Fifty-two tasks were identified for establishing the vehicle research potential.
Forty system programs were evaluated. The number of tasks assigned at
least once ranged between 23 and 49. The tasks that could not be assigned
in each system program are identified in table 16,

The number of experiments assigned at least once during an 11-flight pro-
gram is presented in figure 6. This figure also indicates the ineffectiveness
of additional crew men in the larger size vehicles. The A/l design research
accomplishment includes assignment of only one-half the desirable tasks.
This characteristic would apply also to a one-man minimum system.
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TABLE 16

RESEARCH TASK LOADING SUMMARY

Excluded research tasks - G"N"’v'-“'n—t-ﬂ:_w‘ommunmmwbﬁvzﬂaﬁa’f‘?‘azﬁl
No.|Veh Eptwt gt [ 2225220825230 20ahe20spesss2sss
fits|size [Crew[ 1b | kg | value Rk U0 R URRAMAMOD Rl Bk n <
s|Aa | 1 {170 77(1095 [ X X X X X X XX XXXXXXXXXXX XXXXXXXXXX
B | 1 [645/297]1126 | X X X X X X X X X XX X X XX X X X X X X XX XXX
2 [135] 61{1142 | X X XXX XXXXXXXXXXXXXXXXXXXXXXX
c | 2 [1020{463(1237 | X XX XX XXXXX XXXXX X X XXX XX
3 | 510[231/1268 | X X XXX XXXXX XXX X X X XX XXX
~| D | 3 [to7s|488|1268 (X X XXX XXXXX XXX X X X XXXXX)
811{368[{1268 | X X X XX XXXXX XXX X X X XX XXX
5 | 528/239/1268 | X X XXX XXXXX XXX X X X X X X X X
E | 3 |1028/467/1268 | X X X XX XXXXX XXX X X X XX X XX
5 |482/219]1258 [ X X XXX XXXXX XXX X X X XXXXX
7{ A | 1 |170] 77|1506 f X X X XX XXXX XXXXXX XXXXXXXXXXX
B | 1 |645207/1702 [ X X X XX XX X XX XXX X X X XXX XX
2 | 135 61]1920 X X XXXX XXX XXXXXXXXXXXXXX
c | 2 [1020]463|2214 X XX X XX XXX X X X XXX X
3 | 510231 2285 X X X X X X XXX XXXXXX
~| D | 3 |1075/488| 2416 (x X X X X XXX X)
811 368| 2381 X X X X XXXXXX X
5 | 528]239| 2264 X X X X X X XXXXXXXXXX
E | 3 [1028467|2416 X X X X X XXX X
5 | 482|219| 2324 X X X X X X XXX XXXXXX
11 A | 1 {170 77(17% | X X X X X X X XXXX XXXXX XXXXXXXXXX
B | 1 [645297(1833 | X X X X X X X XXXX XXXX XXX XXXX
2 | 135 612277 X X X X XXXXXXXXXXXXZXXX
c | 2 |1020]463| 2717 X X X X X XXX XZXXX
3 | 510|231 2758 XX X X XXX XXXXX
-1 D | 3 |1075488] 2972 (x x xx XX)
811|368| 2916 X X X X X X XX
5 | 528|239| 2822 X X X XXX XXXXKX
E | 3 [1028]467| 2966 X X XXXX
5 | 482|219| 2758 XX X X XXX XXXXX
15 A | 1 [170f 77|2135 | X X X X X X XXXXX X XXXXX XX
B | 1 | 645/297|2440 | X X X X X X X X X XXX X
2 | 135 612426 X X X XX XXX XXX XXXXX XX
c | 2 [1020]463] 2732 X X X X X XX X
3 | s10{231| 2941 X X X XX X
~| b | 3 |1075]488| 2092
4 | 811|368/ 2966 X X XX
5 | 528|239| 2941 X X X XX X
E | 3 |1028]467| 2992 X XX
5 | 482|219] 2021 X X X XXXX X
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3. Resource Utilization

In selecting the candidate system for in-depth design, utilization of avail-
able resources was a significant factor considered. It is important to have
some weight resource margin for future growth, and it is desirable to mini-
mize the amount of unused crew time resource. For example, if the analysis
showed that one crew member was never used, it is obvious that the flight
should be flown without this man.

Crew and weight resources unused in performing the defined research (in
the optimum manner within established constraints) are presented in table 17
for all the candidate systems flown in the 11-flight program. The entry con-
dition sequence for this program was A, B, C, C, F, F, F, G, G, Gand I,
The average values for the unused resources are shown in figure 7. In gen-
eral, these data show that, for the minimum systems (A/1, B/1, C/2, etc.),
the system is crew constrained. This means that no further tasks could be
assigned because crew resource was required. As shown in table 17, there
are many flights without any unused crew resource. These data also show
that, if the crew complement is increased, the vehicle becomes weight con-
strained.

TABLE 17
UNUSED RESOURCES FOR 11-FLIGHT PROGRAM

Sequence of flights
Veh size | No. of crew 1 2 3 4 5 6 ki 8 9 10 11 Av
A 1 54,4 22,1 20,4 24.9 9.1 27.2 49,9 52.2 43.1 45.4 40,8 37.6
B 1 296, 6 54,4 |217.7 | 199.6 | 183.7 | 195.0 | 224.5 | 240.4 | 235.9 97.5 (124.7 | 187.8
. 2 61,2 22,7 4.5 9.1 9.1 4.5 34.0 | 47.6 43.1 29.5 24.9 26.3
= c 2 462.7 | 424.1 |387.8 |369.7 | 285.8 | 265.4 | 292.6 | 410.5 99.8 70,3 |172.4 | 294.8
E 3 231.3 | 176.9 }179.2 | 156.5 | 725.7 52,2 34.0 [ 179.2 61,2 31.8 [163.3 | 125.6
] 3 487.6 | 453.1 |351.5 |333.4 | 249.5 | 115.7 95,3 | 367.4 | 131.5 95.3 [242.7 | 250.4
= D 4 367.9 | 313.4 |[231.8 |213.6 | 107.0 | 109.3 54.9 | 279.4 66.2 98.0 [281.7 | 192.8
5 239.5 | 194.1 | 164.7 | 142.0 58,1 42,2 24.0 | 187.3 35.4 1.4 |153.3 | 112.9
E 3 466.3 | 426.4 |328.9 |310.7 | 226.8 93.0 72.6 | 344.7 63.5 27.2 [174.6 | 230.4
5 218.6 | 173.3 |143.8 | 121.1 37.2 29.0 3.2 | 166.5 | 170.1 19,1 {132,4 | 110.2
1 120 50 45 55 20 60 110 115 95 100 90 83
B 1 645 120 480 440 405 430 495 530 520 215 2175 414
2 135 50 10 20 20 10 75 105 95 65 55 58
5: c 2 1020 935 855 815 630 585 645 905 220 155 380 650
E 3 510 390 395 345 160 115 75 395 135 70 360 277
3 3 1075 990 715 735 550 255 210 810 290 210 535 552
B D 4 810 691 511 471 236 241 121 616 146 216 621 425
5 528 428 363 313 128 93 53 413 78 3 338 249
£ 3 1025 940 725 685 500 205 160 760 140 60 385 508
5 482 382 317 267 82 64 7 367 375 42 292 243
1 -- - 0 0 0 0 0.2 0.2 0.2 0.1 0.2 0.1
g 1 - -- 0 0 0 0 0.2 0.2 0.2 0.1 0.1 0.1
g 2 -- - 0.1 0.1 0.1 0.1 0.3 0.8 0.8 0.7 0.7 0.4
] c 2 - -- 0.5 0.3 0 0.3 0.3 0.5 0.4 0.2 0.2 0.3
g 3 -- -- 1.3 1.1 0.8 1.0 0.5 1.2 1.0 0.7 1.3 1.0
g 3 -- -- 1.1 1.4 0.6 0.4 [1} 0.8 0.3 0 0 0.5
?: D 4 -- -- 2.1 1.9 1.6 1.8 0.5 1.4 1.0 0.3 2.3 1.4
5 5 .- - 3.3 3.1 2.8 3.0 2.5 3.2 3.0 2.5 2.3 2.9
E 3 -- -- 1.1 1.4 0.6 0.4 0 0.8 0.8 0.1 0.9 0.7
5 -- -- 3.3 3.1 2.8 3.0 2.5 3.2 3.0 2.5 3.3 3.0
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In considering the data of figure 7, it is important to consider that of fig-
ures 5 and 6. As an example, consider the C/2 system., Figure 7 shows
that this system apparently has the greatest capacity for growth and makes
efficient use of the crewmen. However, figures 5 and 6 show that the value
of research performed and the number of research tasks accomplished are
lower than the D/3 vehicle which also has efficient crew utilization and good
growth capability. Therefore, figures 5, 6 and 7 clearly indicate the supe-
riority of the D/3 system.
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4, Program Costs

The program costs were estimated, using the Space System Cost Model
(SSCOM), for the 10 candidate vehicle and crew combinations, each with
four potential flight research programs., These cost estimates are tabu-
lated in table 18 and depicted graphically in figure 8, Various pertinent
milestones of any potential research program are indicated on the abscissa
in this figure. This affords an opportunity to visualize the relative incre-
mental cost of additional flights on any defined program. The verification
flight milestone includes two unmanned verification missions. Data for the
smallest crew complement considered for each candidate vehicle size have
been identified. Each additional crew member included in the complement
increases the program cost about 1.5 percent.

TABLE 18
PROGRAM COSTS

. Total program costs, dollars
Nonrecurring
System| costs, dollars 5 Flt T Flt 11 F1t 15 Flt
A | sex10® | 737x 108 | 794 x 10° 888 x 105 979 x 10°
B/1 647 16 835 930 1022
B/2 666 797 857 954 1047
c/e 725 863 925 1024 1120
Cc/3 743 882 945 1046 1143
D/3 794 939 1004 1107 1206
D/4 808 954 1020 1124 1223
D/5 811 958 1024 1128 1228
E/3 846 996 1063 1169 1270
E/5 872 1025 1093 1200 1303
E/3
1200 X 10° 0/3
c/2
B/}
1000} A
¢ goot
<t
-
=
o
(=]
~ 600
(%3
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FIGURE 8. COSTS OF POTENTIAL FLIGHT RESEARCH PROGRAMS
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6. Orbital Payload Capability

A secondary consideration in the selection of a manned entry research
vehicle design is its adaptability to orbital objectives, A measure of this
adaptability is the cost per pound of orbital payload (fig., 11).

180, X

160

1400

i20

1004

COST, DOLLARS PER POUND

80 5-FL1GHT PROGRAM

6ol 7-FLIGHT PROGRAM

11-FLIGHT PROGRAM

15-FLIGHT PROGRAM

VEHICLE SIZE

FIGURE 11, ORBITAL PAYLOAD COSTS

C. SELECTION RATIONALE

The selection criteria included two principal qualities: minimum program
cost and maximum potential research value. These two criteria are not
always compatible; increasing value generally requires additional resources
or increasing cost., In this study, the D/3 vehicle was found to have the
maximum potential research value, but four other systems incurred higher
cost, These other systems could therefore be excluded from further con-
sideration,
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The systems with less potential research value than D/3 can be obtained
at a reduced cost, and comparison produces a conflict between the principal
criteria. Additional criteria were introduced including: achieving a high
value per dollar (fig. 10), assigning most of the research tasks (fig. 6), opti-

mizing the residual resources (fig. 7), and minimizing the cost of each unit

of weight available for experimental equipment in orbit (fig. 11), The candidate
systems are ranked in accordance with these criteria in table 20, On each

of these criteria, the D/3 vehicle ranked ahead of other systems.

The evaluation in accordance with these basic criteria indicates a pre-
ference for the D/3 vehicle. Additional factors which were difficult to re-
flect quantitatively in the basic criteria are discussed in the next section.

D. OTHER CONSIDERATIONS

In addition to the five quantitative criteria applied in the preceding section,
the following qualitative factors were considered.

(1) Visibility. Forward and side visibility of ground during final
flare, touchdown, and initial slideout must meet NASA and Air
Force research pilots' criteria for adequacy. In particular, the
A and B size vehicles do not offer acceptable visibility (see
Part IV),

(2) Packing density. Use of the allowable 55 psf (270 kg/ m2) wing
loading allows research equipment weight to reach a value such
that the packing density becomes unrealisticly high on the A and B
size entry vehicles, In other words, the volumes available for
experiments constrain weight available for research on the A and
B sizes,

(3) Maximum entry velocity with Saturn IB.  Attainable entry velocity
increases as the vehicle size is reduced. Highly elliptical orbits
can achieve 31 500fps (9.4 km/sec) to 34 000 fps (10. 4 km/sec)
velocity depending on entry vehicle size.

(4) Impact of modifying entry vehicle with crew transfer tunnel. An
aft tunnel in the entry vehicle for crew and return equipment transfer
is desirable if the entry vehicle is to perform rendezvous, docking,
and transfer experiments. A minimum tunnel will fit in the D and
E size vehicles without altering important aerodynamic outer lines.

(5) Mission applications. Based on both NASA and USAF studies,
logistics mission applications require a crew capacity of at least
3 men with some requirements as high as 12. An entry research
vehicle too small to be considered a logistics mission prototype
would represent a dead-end investment after all research was
accomplished.

(6) Landing engine. Go-around capability is a desirable feature in
any horizontal landing vehicle. Turbojet engines, pulse-jets, sub-
sonic air turborockets, and conventional rocket engines were con-
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sidered; all were found to be extremely expensive in terms of
entry vehicle weight and complexity. Nevertheless, the possible
payoff in mission success makes a landing engine experiment on

an orbital vehicle a worthwhile subject for this flight research pro-
gram. A turbojet engine (J-97) has been selected because it is a
proven design and can be installed in an entry vehicle for research
purposes. However, because of its size, this engine can be in-
stalled only in the C, D and E vehicles.,

(7) Vehicle abort, Because of weight and space limitations, crew es-
cape must be via ejection seat for the A and B vehicles. Larger
sizes use a large parachute to recover the vehicle. This emer-
gency recovery technique is preferred since normal abort modes
involve water landing where the entry vehicle is specifically
designed to support crew survival,

The selected D/3 vehicle is tested by the above considerations with the
following conclusions drawn: ’

(1) The D/3 vehicle is satisfactory for visibility.
(2) The D/3 vehicle does not pose any packing density problems.

(3) The D/3 vehicle can achieve an entry velocity of 32 600 fps
(9.9 km/sec) by the use of a highly elliptical orbit., If near-Earth
orbits are used, the entry velocity reduces to 28 900 fps
(8.8 km/sec), These velocities are only marginally acceptable
for supercircular entry research because of the low radiative
heating encountered. It should be noted that even the smallest
A size vehicle is only capable of being entered at a velocity of
34 000 fps (10.4 km/sec) using Saturn IB and a highly elliptical
orbit,

(4) An adequate crew transfer tunnel can be installed in the D/3 vehicle
without serious structural change and alteration of the aerodynamic
lines.

(5) If the requirement for an operational logistics mission vehicle is
six men, it can be met with the D size,

(6) A J-97 turbojet engine can be installed in the D/3 vehicle,

(7) The D/3 vehicle permits the use of large parachutes for vehicle
emergency recovery from an aborted mission,

A summary of the qualitative considerations examined are given in table 21
for the five entry vehicle sizes. From this table and the preceding discussion,
the general conclusion can be drawn that the D/3 vehicle, as selected by the
quantitative criteria, remains the best choice after being tested by the seven
qualitative considerations.

The D/3 entry vehicle is therefore selected for in-depth design and
costing, A design description is found in Part VII of this report.
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V. RESEARCH PROGRAM DEFINITION

The D/3 configuration was selected as the best vehicle and crew combi-
nation for a more detailed study which is reported in Part VII. The only
significant difference in the selected vehicle characteristics that influence
the research program definition is a reduction in weight available for research
equipment from 1075 pounds (487 kg) to 1030 pounds (466 kg). The other
characteristics do not alter the cost estimate for the D/3 design. All dis-
cussion in this section, therefore, is predicated on use of this configuration.

Basic parameters considered in selecting the recommended flight plan
were the value of research information obtained, the number of experiments
to be loaded, the number of flights in the program, cost, and utilization
of available equipment weight and crew capability for research.

A, INFLUENCE OF NUMBER OF FLIGHTS

The information value of the research program is related to cost with
number of flights as a parameter in figure 12. The value/cost ratio is re-
lated to the number of flights in the program in figure 13 which indicates
that the 11-flight program yields the maximum value relative to cost.

Experiment loading as a function of number of flights is shown in figure 14,
The number of experiments, of the 52 considered, which would be loaded and
not loaded is indicated for each flight program. The maximum loading for
any flight program considered is 50 experiments, which occurs in the 11- and
15-flight programs, It will be noted that this number does not agree with that
quoted earlier for the D/3 vehicle in an 11-flight program, This occurs be-
cause the D/3 vehicle design in the flight loading model was more highly re-
fined in this phase than in the preliminary vehicle size selection phase,

Figures 15 and 16 depict average utilization of the available experiment
weight and crew capability as a function of the number of flights in the pro-
gram, Also shown are the residual, or unused, experiment weight and crew
capability. The crew utilization numbers include performance of normal
flight tasks as well as research tasks, Figures 15 and 16 indicate that the
5-, 9-, and 11-flight programs yield the largest average loaded experiment
weight, while the 11-flight program maximizes average use of crew capa-
bility.

The selected flight plan is the 11-flight program. This selection is based
on the data for 5-, 7-, 9-, 11-, 15-flight programs portrayed in figures
12 to 16. The 11-flight program yields the maximum value/cost ratio, and
loads the maximum number of experiments (50) with the highest information
value (2954) of any flight program studied, with the exception of the 15-flight
program. The 15-flight program also loads 50 experiments, with an infor-
mation value of 2992, This increase in value is insignificant when compared
to the increase in cost over the 11-flight program (fig. 12), Crew utilization
for research is also maximized by the 11-flight program, while utilization
of available equipment weight for research is one of the most efficient for the
flight programs studied.
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B. VARYING ENTRY FLIGHT PATTERN

The pattern, or type of flights, within the programs considered in the
previous section were established by inspection, with judgment as to the
sequence which would yield the highest number of experiments loaded and the
highest information value, within the constraints., An analysis was performed
on the 11-flight program for the purpose of defining those experiments which
were not loaded to full value and to determine if, within certain ground rules,
the sequence of flights could be modified such as to yield more total value,.
The ground rules were:
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(1) No additional flights added
(2) No experiment to be deleted from the flight program
(3) Unmanned flights (A and B) to be maintained.

This analysis identified 23 experiments, as shown in table 22, which were
not loaded to their full information value. Of these, 13 had the potential to
be improved by rearranging the sequence of the flight program. The remainder
required additional flights for potential improvement. An analysis of the 13
experiments showed the following potential improvement by type of flight
added. (Note: There are no D or H flights in the 11-flight program
under consideration. )

Type of flight No. of experiments
added potentially improved

C 10

F 9

D 5

I 2

G 1

H 1

Since the analysis also indicated that no experiments would be deleted
from the program if a G type flight were exchanged for another type, the
most judicious rearrangement appeared to be the exchange of a G flight for
an additional C flight. This optional 11-flight sequence was evaluated with
the flight loading model, and yielded higher total experiment value than the
original sequence. In the optional sequence, seven experiments were im-
proved in information value, five of which were fully loaded (table 22), Two
experiments were decreased in value, but no experiments were deleted from
the flight program, There was no change in value for the remaining experi-
ments.,

An analysis was performed on the optional 11-flight program, as on the
original program, to define experiments with potential for improvement by
rearranging the sequence of the flight program, within the previously stated
ground rules. There are seven such experiments. The potential for improve-
ment by type of flight added is:

Type of flight No. of experiments
added potentially improved

G 2

I 2

D 2

H 1

C 1

F 0
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The analysis also showed that exchange of a G or an I flight for another
type would lead to complete deletion of experiments from the flight program.
Also, since there are no D or H flights in the sequence, the only type flights
which can be exchanged are C or F, Changing a C or F to a G leads back
to the original flight sequence considered. Changing an F to a C has the
potential for improving the value of one experiment, Changing either C or
F toan I, D, or H has the potential for improvement as shown in the pre-
ceding listing.

The experiments improved by substitution of D, I, and H entry conditions
are low in value, whereas the experiments improved by substitution of a
G entry condition are high in value. However, the G substitution decreased the
total potential research value. Therefore, the D, I, and H substitutions
were not evaluated with the flight loading model. The optional 11-flight
program sequence was judged to be optimum.

C. SELECTED FLIGHT PLAN

Table 23 compares the cost, value, number of experiments loaded, and
weight and crew resource margins for the two 11-flight programs previously
discussed. The cost and number of experiments loaded are identical for the
two programs. The information value of the optional program is 52 points
higher than the value of the original 11-flight program. Average weight
resource margin, or unused experiment weight capability, is decreased to
376 pounds (171 kg) on the optional program. Average crew resource margin
is increased slightly to 0. 14 man second/second.

The selected flight plan is, therefore, the 11-flight program with the
optional sequence (A, B, 3C, 3F, 2G, I). The experiment loading is shown
in table 24. The only experiments not loaded are FM-9 and FM-19, These
experiments require J-K and S flights, respectively. Since FM-9 was a
secondary objective, it was not considered in the loading program. It was
shown in the two 11-flight programs considered, that 50 experiments could
be loaded with two C or G type flights included in the plan., Therefore, the
option exists to load 51 experiments, including FM-19, by substituting an
S for a C flight in the selected program. This would accomplish loading all
51 of the primary objective experiments, but would yield a lower total infor -
mation value than the selected program,

There was no consideration given to reducing the crew complement below
three to permit higher density loading of experiments. This was due to the
fact that in each instance where an experiment was not loaded on an applicable
flight, the reason was either a limitation in crew capability or constraints
imposed by incompatibility with higher value experiments loaded on that
flight. In no instance was weight availability a problem.

Crew constraints for all experiment loading programs studied were based

on crew utilization ratios for the flight phase which, by comparison with other
flight phases, appeared to require the maximum crew participation in research
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TABLE 23
COMPARISON OF ORIGINAL AND OPTIONAL 11-FLIGHT
PROGRAMS
Original Optional
(ABCCFFFGGGID|I(ABCCCFFFGGI
Cost (millions of dollars) 1107 1107
Value 2954 3006
Experiments loaded 50 50
Resource margins
Weight 1b 1b kg
1 1030 1030 466
2 860 860 390
3 695 695 315
4 680 680 308
5 430 430 195
6 310 505 229
7 235 85 39
8 325 45 20
9 225 215 98
10 425 700 318
11 355 230 104
Crew
(man sec/sec)
3 .2 .2
4 .2 .2
5 .1 .1
6 0 .2
7 0 0
8 0 .2
9 .1 .1
10 0 .2
11 .5 .1
Average weight 409 376 171
Average crew .12 .14
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SELECTED FLIGHT PLAN EXPERIMENT LOADING

TABLE 24

Experiment

Flight type /number loaded
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tasks. This concession was made to minimize LP-90 computer time. The
chosen flight phase for study is the period between pullout and 200 000-foot
(60.9 km) altitude. To determine if there were other flight phases where
crew constraints might be exceeded due to the selected experiment loading,
an analysis was performed by flight phase and flight number. The results
are shown in table 25 for both the selected (optional) 11-flight plan and the
original 11-flight plan. The numbers in the chart include allocated crew
utilization for normal flight tasks,

There are two cases in the selected flight plan where the maximum crew
capability is exceeded, while there is one case with the original flight plan.
These overloads can be resolved by selective deletion of experiments while
observing the ground rule that no experiment be completely deleted from the
flight program. The experiments for potential unloading are GN-6 on flight 6
for the original flight program, and FM-2, -13, -14 on flight 8, and GN-6
on flight 9 for the selected flight program., These deletions yield the mini-
mum decrease in total program information value. The reduced values would
be 2938 and 2972, respectively, for the original and the selected flight pro-
grams. This adjustment would not invalidate the selection of the optional 11-
flight program as the recommended program.
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TABLE 25

CREW RESEARCH TASK LOADING FOR 11-FLIGHT PROGRAM

Original flight plan (A, B, 2C, 3F, 3G, I):

first value noted

Selected flight plan (A, B, 3C, 3F, 2G, I):

value in parentheses
Crew utilization ratio X, (X) < 3.0

Flight Phases

Ascent 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
(0 - 0. 48 ksec) (0.5) | (0.5) |(0.5) | (0.5) | (0.5) | (0.5) |(0.5) |(0.5) | (0.5)
1st orbit 0.5 0.5 0.9 0.9 0.5 0.9 0.5 0.9 1.5
(0.48 - 5.9 ksec) (0. 5) (0.5) (0.9) (0.5) (0.5) (0.9) (0.8) (0.9) (1.5)
2nd orbit 0.6 0.6 0.9 0.9 0.7 1.0 1.7 1.0 1.6
(5.9 - 10. 3 ksec) (0.6) | (0.6) {(0.9) | (0.6) | (0.6) | (1.0) |(2.0) |(1.0) |<(1.6)
3rd orbit 0.4 0.4 0.8 1.0 0.7 0.8 0.4 0.8 0.4
(10.3 - 13.7 ksec) (0.4) (0.4) [(0.8) (0.6) (0.7) (1.1) (0.7) (0.8) (0. 4)
Deorbit and

0.7 0.7 0.9 1.0 0.9 1.1 1.3 1.1 0.7
e ) (0.7 | (0.7 |(0.9) | (0:8) | (0.8) | (1.0) |(1.5) |[(1.0) | (0.8)
400 000 to
280 000 ft 1.3 1.8 2.6 2.6 2.0 2.0 2.0 1.9 1.3
(121.9 - 85. 3 km) (1.3) | (1.8) [(2.8) | 2.0 | (zi0) | (25 |1 |9 |0
(15.4 - 15.6 ksec)
280 000 ft (85. 3 km)

1.5 2.0 2.8 2.7 2.3 3.0 2.3 2.9 1.9
to pullout ° * . ¢ °
e 5. 7 ksec) (1.5) | (20 |28 |2 |@n |en e e | (2o
Pullout to

2.3 2.8 2.9 3.0 3.0 3.0 2.9 3.0 2.5
200 000 ft (60. 9 km) . . . .
P AR 2.3) | (28 |9 | @8 | G0 | @ |29 |@8) |@9
200 090 1t (80.9 km) .7 | 2.2 | 2.7 3.5 2.4 3.0 ;| 2.0 | 3.0 1.4
(26 16. 9 ksec) an | en len | ey | @e | Ga®lee [en W
M=6toM-=2 1.0 1.0 1.1 1.8 1.1 1.6 1.6 1.6 0.8
(16.9 - 17,1 ksec) (1.0) (1.0) (1.1) (1.0) (1. 1) (1.9) (2.4) (1.6) (0.8)
M=2toM=0.8 1.0 1.0 1.1 1.8 1.0 1.8 2.0 1.8 1.0
(17.1 - 17. 2 ksec) (1.0) | (1.0) [(1.1) | (1.0) | (1.0) | (1.8) |(2.8) |(1.8) | (1.0)
Approach, flare, 1.0 1.0 1.1 1.8 1.0 1.8 3.0 1.8 2.0
1r 52 78s ksec) 1o (o |l | @o |ao | as |[@e®|als | @

3 4 5 6 7 8 9 10 11

Flight number

NOTES: (a) Can be madeX 3,0 by deleting GN-6 on Flight 6 (value is decreased from 2954 to 2938).

(b) Can be made < 3, 0 by deleting FM-2, FM-13, and FM-14 on Fli

(value is decreased from 3006 to 2972).

ER 14471-6

ght 8 and GN-6 onFlight 9

67




VI. SELECTED SYSTEM COSTS

A total cost of $1003 million has been estimated, by COCOM techniques,
for the recommended flight research program, comprising 11 flights of the
HL-10 D/3 entry vehicle, utilizing a Titan III-5 launch vehicle. Nonrecurring
development costs of $470 million are included in the total.

The recommended program has approximately 10 percent greater cost/
effectiveness than a curtailed or nominal program of seven flights involving
a total cost of $853 million.

Detailed estimates are presented for (1) nonrecurring development costs,
(2) the recommended flight research program, and (3) the nominal flight
program, as well as (4) attainment of secondary objectives via a supercircu-
lar entry flight and a rendezvous and docking mission.

A. NONRECURRING DEVELOPMENT COSTS

The nonrecurring development costs are dependent on vehicle design and
independent of the research program. The significant nonrecurring cost in-
puts developed from the system integration data of Part V and the selected
vehicle design data of Part VII are given in table 26.

TABLE 26

NONRECURRING COST INPUTS

Tooling rate | Ground Flight
Subsystem Weight, capability, test test
nomenclature 1b kg per yr quantity* | quantity*
Structure 2672 (1212) 4 3.0 5.0
Heat shield 2710 (1230) 4 2,0
Surface control 946 (428) 4 4.0
Reaction control 185 (83.9) 4 1.0
Guidance and com- 532 | (241) 4 4.0 1.0
munication
Instrumentation 606 (275) 4 4.0 2.0
Research equipment | 1030 (467) (excluded by direction)
(provided for potential appli-
Indirect vision 0 (0) cationj
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TABLE 26, --Concluded
NONRECURRING COST INPUTS

Tooling rate | Ground | Flight
Subsystem Weight, capability, test test
nomenclature 1b kg per yr quantity* | quantity*

Environmental 435 (197) 4 4.0 1.0
Electrical 535 (243) 4 5.0 2.5
Instant L/D prop. 222 (101) 4 4.0 2.0
Landing gear 555 (252) 4 4.0 2.0
Emergency chutes 678 (307) 4 6.0 2.0
Crew provisions 240 (109) 4 3.0 .
Display panel 206 (93.4) 4 3.0 2.0
Adapter structure 510 (231) 4 3.0 2.0
Adapter environ- 0 (0) (provided for potential
mental application)

(provided for potential
Adapter electrical 0 (0) application)
Adapter deorbit prop.| 1148 (520) 4 12,0 2.0
Adapter miscel-
laneous 100 (45. 3) 4 3.0 2.0

*Note: quantity represents equivalent units; e, g., 3 half subsystems = 1.5

A breakdown of the $470 million development cost estimate is presented
in table 27,

B. RECOMMENDED RESEARCH PROGRAM COSTS

The recommended research program consists of two unmanned and nine
manned flights. Annual procurement, launch, and refurbishment schedules
are shown in table 28, If more Tooling, AGE or facilities are required
during the operational phase than were necessary during development, these

additions are priced incrementally as needed and reported as recurring costs,

Table 28 provides a detailed definition of the $1003 million estimated total
cost. A cumulative total cost, including nonrecurring, is provided for the
end of each operational year. Fiscal funding for the 11-flight plan is shown
in table 29,

70 ER 14471-6




*BIZIHTT FOTAYIS VI INVHIAN LG
S HEGEO9L 3DIAMAS S§DINOMIN3AT] 9¢
e i e L e e ~EELOOL 3DIA¥3S. 3¥NLONYLS . 88 .
32TA¥3S TvIIN1533 81t “Sz7i00esT INIWIND3 ONIIANYH we
. 301A%3S AWDINWHDAX | LIL 296%81TL% _  _ ___ 3IIS ONI¥NIOVAANYW €5
M 351A¥3S SOINO¥LI53T3 9T, *0026.8201 *3000y WILINI 2s
< 35TAB3S MNIONNLS [ *24L962% .. . 3INYNIINIVYW 100l 1s
LN3WJINDI ONITANVH 11 *0EL8RY 1§31 3JNVLd3DDV 0¢
R 3LIS LNIwHSTa¥NIIY €Tl o . *1€25%62 ATGR3SSY &%
(@] *2ZLTEES. ANINgINO3 NOISSIN z211 94685 SNOINYIT3IS T ¥3Lavay 8y
@) ) SHOLVINWIS 111 _ £1z80% *d0¥d L18Y¥03Q ¥31g¥aY LY
06221502 I NQILYINIWNMLSNT 011 *0 VS191D313 ¥3LdVAY D)
o *0 W3LSAS NOILYDISI¥IA 601 0 IV LINIWNOMIANT ¥3tdvaY 14
A *0 L 321Ad3S AVINIWNOYIANI . 801 Y5850 .62 JUNLOAYLS ¥3L1dvay e
0 321A¥3S NOISINGOd Lo1 o 959972 13NYd_AYIdSIG 22
0 $0 . 30IA¥3S I¥OINI33 901 gzELEY SNOISTAGNd M3 123
E *0 IDIAU3S VYD INVHIEW s0T . SHB6LGY SILNKD AINIONIWS 1%
CLETTEYS . .3DIA¥3S SOINO¥LD3N3 w01 $QZ6. %G ¥YIO ONIQONYD o% !
D *0 331A¥3S 3¥NLDONNLS €01 *10%9€T *dONd a/7 LNYISN] 6¢ |
Z *99000€T . _ININGIND3 ONITANVK 2ot 9112101 RLECTRERE] [3
eZTZHTLNT V3¥Y AMIA0I3Y 101 o o *L6626ET Y LINIWNOYIANG _LE
= *L98128L . IN3IW4INT3 NOISSIk 00T 0 NOISIA 1D3¥I1aNI 9¢
M [ELTTA4:T) SHOLYINKIS 66 _ "0 N AN3WGINOI HO¥YISIY 13
“wOnLENT NOTLYLNIWAMLISNT 86 *09€n9T NOILYLNIWANLSNI ve
M *8EE6940T WILSAS NOILVOTSINIA L& °09.696 NOILYDINNWWOD 4 *¢gIno €€
O *9.96082 . 351AY3S TVINIWNONIANT 96 1269882 TO¥INOD NOILDV3Y [
SEHHETS 3IDT1AMIS NOISINGOLd g6 R ) vzve828 q0¥LINOD 3D¥4UNS g
&} sceaten? . IDIAES WOIMIIIIE 6 ©6010118 REHED o¢
23] 6191601 3ID1AY3S WD INVHIIW €6 L L *GOLI9LL . I¥NLINYLS 62
R 6962199 3DIA53S SOINO¥LIDINI [43 *26154682 SW3ILSASENS 8z |
I~ *0n8z9 IDIAYIS IWNIONNLS 16 *2515%982 ONIT00L IVILINE Lz,
N *60LGT6T INIWQIND3 ONITANYR 06 *B0ELYOT SNOINYIIADSIW ¥3Ldvay
v969290TY ¥3¥Y HONNVT 68 o *999LES *gO¥d L18¥030 ¥3.dVAV
] o) *0 . IN3WdIND3 NOISSINW . 88 . *0 IY31¥133713 ¥ILdvay
i o 0 SUOLYINWIS L8 0. . VINSWNOYIANS ¥3Ldvayv
*0 NOILYINIWAMLEN] 98 *10666¢9 FUNLONYLE ¥31aVQY
m wnn .0 KILSAS NOILYDI41¥3A s8 . *£126762 T3NYg AYIdS1Q
< [ 0 3D1AY3S TV LINIWNONIANI w8 . 8990168 SNOISIAOYE M3¥D
w0 0 3DIAY¥3IS NOISINGOd €8 B HGENGZE S3LNKD_ ADN3ON3W3
I 0 . 3DIANES WOIeL313 28 T986LLTE 4vI0 ONI1NYA
Q .0 3IDIANIS VO INVHIIW 18 v2€1L82 *dO¥g G/ _INYISNI
) *0 3DIAN3S SOINO¥LD3N3 08 1256126 RLAITTRERE]
°0 30IANIS NNLONYLS 6L "8922,002 Y LNIWNOYTANS
@] 0 INIWdINDI ONITGNYH . 8L ) NOISIA LD3NT1ANI
Z, "o 3115 ONINIS 3A1LgYD L B 0 LNIWGIND3 HONYISIY
= 20 i . AN3WAINO3 NOISSIN 9L "666L9T% NOTLYLNIWNNLSN]
o SHOLYINWIS SL 48LTLT2Z NOILYDINNWWOD § *Q1Nn9
o] 0 NCILYINIWANISNT %L v6669891 TO¥INOD NOILDVIY
o X WILSAS NOILYDISINIA €L "96%0085 TO¥LNOD 3DV JNNS
i) 0. - 3IDIAY3S VINIWNO¥IANI 2L OIHAL 1A 013THS LV3H
0 3ID1A¥3IS NOISINAO¥d 1L 120668061 o 3¥NLonuls y
O *0 e .3D1AM3S WOI¥LO3T3 0L T *Q08L%LIET SW31SASHNS 9
jca} L T 3IDIANIS IV INVHIFW 69 ) *0BLYLTET NOILY¥D3INI W3iSASYNS ¢ !
°0 . 3DIAM3S SDINO¥LD3T3 89 N Yo Y VY1) i IDVIUIEINT WILSAS LA
m o 3D1ANIS 3wNLONYLS L9 986605161 ND1S30 [4
[} INIWgIND3 ONITGNYH 99 vZegee Tz T INIWIOVNYW F4
O L vauy 1531 «0¥Q s9 75652699 {INIWg0TIAZA) ONINUNDIUNON T
= sisTYO€S . AN3wolNO3 NOISSIN e )
$TL19€4¢8 SHOLYANWIS €9 L T2 0. _ . SIN3wWSlE¥N43y
99182 NOILYINIWAYLSNT 29 L z D) 1 SIHONAYT |
*012e1921 W2LSAS NOILlvJd14I¥3A 19 ] T [ z S¥3ILgvay :
*LETSZZE - 321A¥3S TVINIWNOUIANS 09 4 o € 4 §$3TDTHIA AYINT*+83T1y3AI 30
*06€065 3DIA%3S NCISINAO¥d 65 $IVLO0L 2061  TL6T  0L6T 31NQ3HIS TYNOILY¥340
TT1962 3IDIAYIS IVOIwLD3T3 i €/ a 01 -1H

71

ER 14471-6



*9907E00L% *§88Y6E8E . _*0BONO040E *8BOEEZIOY oL6T € 15£280€2 1534 3ONVidIdOV 281
*
_*02L940b2H . '82265662 50166992 *91v8ZYLIE 6961 2 Sester m:omz«jmum;»“wqwmm« oot
: vdoxd 1168030 ¥3LAvaY 6.1,
0Z1L66%86 2669519¢ vZY6611¢ *08009L68 9961 1, WHINI>373 wAlgvdy 8Ll
sTvL0) ¥aH10 $1505 A/ 19VHINGD /S avas s Tee9 VINZANOBIANS MWH“M«\ A
119612 q3INVg AV1dSIQ 5.1
osssLe JSOISIAGNg n3u) i
n SH066E02 1 AINIOYIW L
- saNnd 3A LA v65LE9T ¥v39 ONTONYA Lt
_ B L 259986 *d0¥g G/ AINVISNI LT
Y89E686GY v9695¢ "8 YgLémniE Y9EL908E¢ 061 £ 159150% v519.5373 oLl
o . T2 7Y INIWNON AN 691
T0n016662E A DA VZGE899LLE 6561 7 0 NOISIA LO3NIANI 891
, o o 0 JINIWdIND3 HO¥Y3S3Y L91
1ZTLG6%E6 "6695T9¢€ YZTNE6TTS v08009L68 8961 T v9Z62¢2¢€ NOILYLINIWAYLSN] 951
‘ e N o e *4n1161¢ NOILYIINNWWOD 9 *QIno 591
SVLO0L ¥3H1O0 $1505 A/A LSVN¥INOD /S LED b *500TTT J0¥INOD NOTLDV3Y %91
11616201 J0yLNOD 3V AuNS €91
P — zussu ' JoeLoznt a._wﬁmu&wm mﬂ
228168 L ¥NLIN
oSNTONNd sT4 ©88L0€2.2 FRENT TN 091
TyL19¥0 QINNYW 651
. v VAN [
226TZEQOLY 1S0D VLO0L 3AIIYINWAD .Mﬂmmnm: h“OM“mmemmzu M(“ hmM
*8EN925S dO¥d AN3A0DIY 9¢1
_ e e S140L059 SLHDINY do¥g ¥lV 1
SNOILYLS 39NVY Vi3S 812 *51882€L ONILS3L 1HDI7d w61
o SNOLLYAS 3ONVM QN¥]._ .. .. . LIZ *9E69£601 S3uydS L3v¥D3IIVES €51
TOHINOD TYHIN3D 912 ) 1631 IDONVLe3ddV Zgt 0
. _.00MINOD NOISSIW 612 02661 L0¢ ATEWISSY 161 n
3115 INIWHS18uN43Y w1z *0zZ1201 SAO3INVIT3OSIW ¥314YaY 051 -
*E0BES V3yY_AY¥3IA0I3Y €12 46898LT1 *40¥d 1]18¥030 ¥3LdvQY 691 ~
*60%0LE v3dy_HONAY] [334 0 qv>S1u.l0373 ¥3L4vav 8wl
®0 . ___3l15 ONI¥I4 3AlL4¥D> 112 [ "YLNIWNONIAND ¥3LdVQY LT A
"0 v3uy 1S3L do¥d 01z TISCH] 3¥NLON¥LS ¥31avav oWt <+
» _ LIS ONIMNLIOVANNYW 602 299210¢ N3INVd A¥1dSIQ GHT -
5020 9% 1dv¥535vas 802 TZEENES SNOISTAONd M3¥D (234
1602099 ‘1 3ONYNILNIVW L0Z. '€658LTS S3ILNHD ADNIOWAW3 X4 2
0 SNOILVIS JONVY V3§ 902’ 99,962 BY39 ONIONVT 29l E
*0 SNOILYiS JONYY ONYD __s0z v296LL1 *do¥d @/ INVISNI n1
°0 TOYULNOD TVHINID voZ *860TEL RLE T TEERE] 0%
*0 o .._ JO¥LNOD NOISSIW . £0Z. *010€6%2 TV LINIWNONTANT 61
0 3L1S INIWHSI8¥NA3Y zoe, ) NOISIA L[O3N¥ICNT BE1
Y%EQBES V3I¥Y_A¥3A0D3% 102 0 IN3WdINDI HO¥YIS3Y LET
[65090LE v3axY HONNYT 0oz, vZ952Z19 NOTIVLINIWAYISNT 9¢1
3118 ONI¥I4 3ALLAYD 661: °2.168991 NOILYDINAWWOD 9 *QINng 1A
v3uy 1S3l d0¥a 86T, v85966€ qONLINGD NOTLDVEY el
3LIS ONIMALOVAONYW _ _  L6T! *985€421 T0MINOD 3OV 4UNS €€t
*ES0ZY9Y L4vy530vds 961! "h9L8L82 QI3THS LV3H [
2EEQ2ZH9Y (IVILIND) NOTLWITIVISNT 661 $EERBEST 3¥NLONYLS 161
+20€901¢ (S3111710v3) ONINMADINON %61, V36,8994 §95115Y 1891 Set
) vAINE3 ONINTYNL WILINI €61 *L%0T0T $1531 W3LSAS A3LVMOIINI 621
0 ONINIVML VILINI 261 "ZnZete S1531 NOISINdO¥d 821
THAa% T¥04dns NOT§STW ~Tel 2921501 §1S31 DILVLIS_ Lzt
0 SL/M 935 6 111 NVLIL 06T v00Z,819% ONI1SIL ONNOYD 921
0 §1/0M 935 6 111 NvLIL 681 100965821 IONYNILINIVA *3°0°%v §21
"0 Si/M 935 2 111 NViIL 88T "0 INIWAINO3 NOISSIW vzl
0 §1/0%M 38 Z IIT NVIIL 81 0 . S¥UOLYINWIS €21
19€959€Y 11 30r 371117 981 NOTIVINIWAULSNI 2zt
*09%81092 NOTLV.avadv 581 W3LSAS NOILYDIJI¥3A A
#26090%0€ S3TDIHIA_HONAYT %81 o F51A¥3S TYLINIWNOWIANS ozt
159y T ONTI¥OJSNYHL LJv§33dvds €81 0 o 351AY3S NOISINGON¥d. S1L.
NVEOHOUd AIANTNINODHY dO4d SLSOD DNIYENOHINON N
I~

papniouo)-- "Lz ATdV.L




TABLE 28
RECURRING COSTS FOR RECOMMENDED PROGRAM
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FISCAL FUNDING REQUIREMENTS:

TABLE 29

11-FLIGHT PROGRAM

1968 1969 1970 1971 1972
. 6 6 6
Nonrecurring 98 x 10 326 x 10 46 x 10
Recurring 49 168 197 x 108 | 119 x 108
Total 98 375 214 197 119

Note that the fiscal funding rates lead the yearly rates, as shown by table 28,
This lead accounts for work in process while the latter tables show cost ac-
cumulated by requirement. For example, if launch vehicles cost $20 million
each, and two were launched in year 1970, then the printout would show

$40 million for launch vehicles in year 1970; fiscal funding would require a
goodly portion of this money in the prior year where it was actually spent or
was in process of being spent, The fiscal funding detailed for nonrecurring
is typical of a budget plan and correlates with the top line of table 27,

C. NOMINAL PROGRAM COSTS

The nominal research program costs estimated were for a 7-flight pro-
gram, as required by Paragraph 4, 2.7 of the Statement of Work dated
September 15, 1965 on ''Study of the Influence of Size of a Manned Lifting
Body Entry Vehicle on Research Potential and Project Cost.'" The program
consists of two unmanned and five manned flights. The annual procurement,
launch and refurbishment schedules are shown in table 27, The 7-flight pro-
gram total cost is estimated to be $853 million. Table 30 provides a detailed
definition of this cost,

The following comparison demonstrates the increased cost effectiveness
obtained with the more costly recommended program.

11 flight 7 flight

Experiments assigned 50 44
Value produced 2954 22517
Cost/effectiveness 3.0 2.7

(million dollars)

Cost (million dollars/unit value) 1003 853
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D. SECONDARY OBJECTIVE COSTS

Incremental program costs were estimated for one supercircular entry
flight and one rendezvous and docking mission. These estimates assume,
in each case, that the 11-flight program would be extended by one flight to
accomplish the desired experiments. For the additional flight the entry
vehicle from flight number eight would be refurbished and re-equipped.
The significant inputs for the supercircular entry mission follow:
(1) Removal of the aft crew station (seat, displays)
(2) Installation of a thicker heat shield
(3) Installation of instrumentation for radiative heating measurements

(4) Refurbishment of all other subsystems

(5) One complete launch-recovery operation

(6) Tooling rate Ground Flight
Weight, capability, test test
Subsystem 1b kg per yr quantity quantity
Heat shield 3160 1433 1 1.1 -
Instrumentation 300 136 1 0.5 -

The significant inputs for the rendezvous and docking mission follow:

(1) Removal of aft bulkhead center panel and installation of tunnel
assembly.

(2) Refurbishment of all subsystems; relocation of the instant L./D
motors, braking chute, rudder actuator and one antenna,

(3) Tooling rate Ground Flight
Weight, capability, test test
Subsystem 1b kg per yr quantity quantity
Structure 30 13.6 1 3.0 -

The additional supercircular mission cost is estimated to be $45. 94 mil-
lion. Detailed identification of the cost elements is given in table 31. The
rendezvous and docking mission cost is estimated to be $33.57 million, with
details given in table 32, Each of these estimates is predicated upon extend-
ing the program duration and maintaining the established launch rate. If the
increased mission can be included within the initial span, the sustaining engi-
neering and various maintenance costs could be eliminated and the manage-
ment cost considerably reduced. However, these costs have been included
since increasing the time span is believed to be a more realistic approach.
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